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Editorial 


It takes six months from the day it goes to the printers 
for each issue of Science News to reach the bookshops. 
With, the best will in the world, we cannot at present cut 
the time any shorter. The result is that though we try to 
keep close on the heels of the laboratory workers, we 
always run the risk of being six months out of date. Science 
sometimes advances very rapidly indeed, and though the 
facts do not change, their bulk expands, and their inter- 
pretation is liable to any number of somersaults. Con- 
sequently, we can offer no guarantee of perfection in our 
reporting from the fronts of scientific knowledge. It is 
inevitable that the reports will sometimes be misleading, 
because scientists themselves were misled at the time the 
printer started work. All we can promise is that nothing 
appears in these pages until the research on which it is 
based has received reasonable confirmation and acceptance 
in the scientific world: this means- that it is a part of current 
thought, and not that it is a final conclusion. More we 
cannot do, if we are to act as guide in the progress of 
scientific ideas and results. 

Is Science a Closed Shop? The advent of the atom bomb 
as the result of years of team work in vast laboratories 
filled with complicated apparatus, and the trend of pro- 
fessional scientific research to use ever more elaborate 
maciiines — electron microscopes, refrigerated centrifuges, 
betatrons — and demand more and more technical training 
of its recruits, is in danger of convincing the layman and 
tire amateur natural philosopher that it is. There seems no 
place any more for the enthusiastic schoolboy or school- 
master, the man with a scientific hobby for the winter 
evenings, the amateur naturalist working on his own. Yet 
in fiict the amateur and the lone worker still occupy a very 
important place, and this issue of Science News draws 



attention to some of the sciences where bis contribution is 
valuable. Amateur astronomers have made many important 
discoveries in the past; radio has long proved a popular 
Iiobby: in “Detection of Meteors by Radar” Dr. Rabel 
shows how the two are now joining forces. Natural, history is 
traditionally an amateur’s field. In “Cave Science” Dr. Pavan 
reminds us of many problems waiting to be tackled at the 
bottom of pot-holes: speleology is almost entirely an 
amateur’s science. Weather observation is another popular 
hobby: Dr. Kraus, though himself a professional meteor- 
ologist, writes of “Rain” in a way to interest the home 
observer. Anyone who reads Professor Aubrey Lewis’s 
article on Mental Disease must be struck by the extent 
to which individual medical practitioners, often working 
on their own, have made important contributions to the 
subject. They possess that freedom to be bold which official 
bodies lack, but which the problem still requires. As a 
complete contrast — an approach to the workings of the 
brain through the study of single nerves, with the disciplines 
of physical science — ^we include Dr. Rushton’s “How 
Nerves transmit messages”. Finally we add our voice to 
the celebration of the hundredth birthday of the Cliemical 
Society of London, with Dr. Sherwood Taylor’s review of 
“A Century of British Chemistry”, 


Physical Treatment cf Mental 

Illness ' : 

PROFESSOR AUBREY LEWIS 

The empirical methods of treatment introduced into 
psychiatry during the last 15 years liad had the way pre- 
pared for them by Wagner Jauregg’s great demonstration 
that general paralysis of the insane is not an inevitably 
lethal disease but one which can. be arrested and, for 
practical purposes, often cured by malaria. The effect of 
this on the outlook of psychiatrists was so great, and the 
lessons of malarial treatment so relevant to appraisal of 
the later “shock” methods, that it is illuminating to con- 
sider very briefly how Wagner^ Jauregg’s discovery came 
about and established itself. General paralysis of the 
insane had been a common diagnosis in mental hospitals, 
until the disease was recognised to be due to syphilis and 
laboratory tests were used to make the diagnosis more 
exact : then the number of cases was found to be smaller 
than had been thought. The disease was as fatal as cancer : 
an occasional patient might enjoy a long remission or drag 
out his life beyond the accustomed three or five years, but 
for almost all a series of downward changes leading to 
death in dementia could be predicted. Wagner Jauregg, 
however, took note of the old clinical observation that a 
long remission, or an apparent recovery, sometimes oc- 
curred in mental disease after a fever, and he decided i.n 
1887 to turn this to account: the outcome was his use 
in 1917 of induced malaria. It was a bold experiment— 
to give malaria, itself a serious disease, to patients already 
doomed to suffer a debilitating syphilitic process: it coulc 
be justified only by the hopelessness of the disease anc 
the impossibility of. making - the therapeutic experimem 



unconsciousness in spite of the administration of sugar, 
and the more experienced the people in charge of the 
“insulin unit” the less frequent is the occurrence of this 
aiannirig complication, though even so it cannot be v/hoiiy 
pre\-cnted. The other serious risks, such as intercurrent 
aiTections of the lungs or heart, are rare in a well-conducted 
unit. 

The treatment was instituted for schizophrenia, and 
schizophrenia has remained the condition for which it is 
judged appropriate : it has been tried in other mental ill- 
nesses with little or no benefit. Schizophrenia, however, 
is not — like general paralysis, or diabetes, or coronary 
thrombosis — a well-defined disease with unequivocal 
characteristics : the term is made to cover a wider range 
of illness in one country than in another, and may be used 
somewhat differently even by different doctors in the same 
country, some restricting it to a smaller core in which the 
symptoms are indubitable and mostly intractable, others 
applying it to a more heterogeneous collection of distur- 
bances, having certain basic features in common but 
diverging widely in pattern and outcome. The future of 
the individual patient is in any case hard to trace with 
confidence : if he becom.es well after insulin treatment it 
cannot be certain that this would not have happened with 
more routine methods of treatment. Consequently the 
results of treatment not only appear to differ widely in 
reports from the clinics in different countries, but they 
cannot be judged through study of individual patients, 
except where the patient has been ill so long that his recovery 
seems quite beyond hope— and such patients with long 
established schizophrenia are by common consent un- 
responsive to insulin treatment. The results of the treat- 
ment must therefore be assessed by statistical comparison 
of a sufficiently large group of insulin-treated patients with 
another group, untreated with insulin but chosen to match 
the insulin group in respect of all those factors which affect 
prognosis: both groups must be observed not merely at 



the end of treatment or as long as they are in hospital, but 
for two or more years afterwards to see how lasting is 
their improvement or their deterioration. 

Such comparisons have been made. The fuliest is that 
reported from New Yorlc State. The 1,128 patients of the 
insulin group had been treated in Brooklyn State Hospita,!, 
the control group (876 patients) in other mental hospitals 
in the State. Seventy-nine per cent, of the insulin, group 
had been able to leave the mental hospital as against 
58.8% of the control group. The insulin patients spent 
on the average 3.8 months less in hospital than the control 
patients. Among the patients who had to be readmitted 
to hospital, the insulin patients spent on. the average two 
months more at home than in the hospital whereas the 
control patients spent 7i- months more in the hospital than 
at home. At the end of the period of study 59% of the 
insulin patients were at home, as against 44% of the “non- 
treated” group. Seventy-one per cent, of the insulin 
patients were earning their living, compared with 60.6% of 
the control patients. Such results seem to show' a decided 
advantage in insulin treatment. They can, however, be 
criticised : the recovery rate is exceptionally high, and for 
some of the subgroups improbably so ; the Brooklyn 
Hospital receives a higlier proportion than other New York 
mental hospitals of the acute catatonic oases (which on 
the whole have a good outlook), and it discharges patients 
very early, with in consequence a higher relapse rate 
(42.5%) among the discharged insulin patients than among 
the discharged control patients (31.5%), But even allowing 
for these sources of possible error the Now' York figures 
makt^ a strong case for the beneficial effect of insulin 
treatment. 

The results of insulin treatment in the mental hospitals 
of -Denmark were collected in 1941. Of tlie 276 schizo- 
phrenic patients treated 162 were clavssed as haviug indubi- 
table schizophrenia, 1 14 were regarded as slightly dubious 
(though they would almost certainly have been classified 


as scfiizoplirettic in; any American or English statistics). 
Just over ' a quarter of the indubitable schizophrenics 
showed some improvement after insulin but half of these 
relapsed witliin a year; for the “dubious” schizophrenics 
the corresponding proportions were 50% improved, of 
whom approximately 40% relapsed. The authors of the 
report conclude “only very few cases of indubitable scliizo- 
phreiiia were cured but in a certain number of cases an, 
improvement was obtained which justifies fully the con- 
tinuation of this treatment. In non-typical cases of scliizo-. 
phrenia the results were considerably better; and the best 
results were obtained in psychogenic psychoses.”. 

It is unnecessary to review further the rattier discrepant 
reports, many of which are favourable. The bulk of reliable 
observers make the modest but confident claim that insulin 
treatment of schizophrenia effects better results than any 
other method, though it fails to benefit many patients, 
especially those with illness of long duration and ominous 
clinical features. Where observers compare the insulin 
results with those obtained by other standard treatment, 
the superiority of insulin is less evident (or is hardly evident 
at ail) in those cliiiics which had a very high standard of 
therapeutic effort before “shock methods” came on, the 
scene. It is true that enthusiasts for insulin treatment 
consider that in the clinics in question the n,e\v method 
was not carried out thoroughly enough to give its best 
results, but it is generally the case that those \vho ^vorketl 
in therapeutically active clinics are less impressed by the 
benefits of insulin than those who had previously laloen an 
unduly pessimistic view of the outlook in schizopb.roiiia 
and been disposed to think their diagnosis might have 
been wrong if the patient recovered. 

The modus operandi of insulin was, in Sakai’s original 
theory, upon the nerve cells and the hormones which, he 
believed, excited their activity especially iii the “vegetative 
centres” (/.e., parts of the brain controlling internal organs). 
His theory was elaborate and pretty well stiiiborn. Other 
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e;q')]anatioiis were put forward, most of them stressing the 
interference with brain tissue respiration entailed by the 
insuIiD, Olliers pointiiig to the disturbance it causes in 
the autonomic nervous system, and a few insis'dng on a 
psychological explanation in terras of impending death 
and re-biitli. One experimental study, made on rats, 
demonstrated that coma produced by insulin would restore 
previously inhibited conditioned reflexes, and tills has been 
•applied to what happens in human beings. It is, however, 
impossible at present to. do more than describe some of 
the physico-chemical accompaaiments of insulin treat- 
ment : knowledge of the relation these have to clinical 
improvement must await recognition of the essential 
bodily changes characteristic of schizophrenia. 

Induced Convidsiom 

The treatment of mental illness by induced convulsions 
was based on the same sort of clinical observation as 
Wagner-Jauregg’s introduction of malaria. Some patients 
with the catatonic variety of schizophrenia had become 
well promptly after they had a spontaneous convulsion; 
moreover, epileptic fits occur only rarely among schizo- 
plixenics (thus a Swiss investigator found only eight epilep- 
tics among 6,000 schizophrenics). A Hungarian psychia- 
trist, Nyiro, therefore tried the effect of transfusing t,he 
blood of epileptic patients into schizophrenics. The 
experiment was unsuccessful, but Medima (following the 
same line of thought, which supposed that there must be 
sonic uniagonism between the two diseases) decided to 
induce convulsions in schizophrenia. He made some 
cvoci'imcnts on animals which satisfied him that arlifso.Iai 
com'uisions do not cause serious damage to the central 
nervous system, and then by injecting camphor and later 
by intravenous injection of penta-methylene tetrazol, he 
carried out the human therapeutic experiment. The results 
were sufficient to encourage him to continue; after lie had 
published liis results, the method was onir.Hv 


all over the world. It had the. advantage over insulin that 
it was, easier to administer, not requiring such close medical 
and nursing attention, and the. risk to life was slight. There 
were however other risks, presently to be mentioned. 

Tw'o major changes were effected in the treatment during 
the next five years : it was recognised to be less effective 
for schizophrenia than for melancholia, especially the 
melancholia of later hfe, and instead of drags an electric 
current was used to produce the convulsions. The former 
clinical observation showed, as did more accurate statistics 
of incidence, that the theory of a supposed “biological 
antagonism” between epilepsy and schizophrenia had no 
substance, and that the introduction of this treatment had 
therefore been a lucky, shot in the dark, at the wrong target. 
It was recalled that in the eighteenth and early nineteenth 
century camphor, in quantities sufficient to cause con- 
vulsions, had likewise been recommended for various forms 
of mental illness, but no systematic trial of the procedure 
had been made. 

Other accidents or by-products of investigation led to 
the substitution of electrically induced convulsions for drug- 
made ones. As Delay says of this : // faut chercher pour 
trouver, mais non pour trouver ce qu^on cherche — c’est 
le paradoxe de maintes psychologies de la decouverte. A 
German neuro-pathologist, Spielmeyer, had called attention 
to the sclerosis (hardening due to' excessive fibrous tissue) 
observed in a particular part of the brain of epileptics, and 
questioned whether it was a cause or consequence of the 
fits. Cerletti, an Italian neurologist and psychiatrist, 
decided to investigate the matter by inducing convulsions 
in dogs by the passage of an alternating current through 
the brain, and with his associate Bini succeeded in doing 
this without permanent damage to the animal. Further 
observations on pigs at the Rome abattoirs convinced 
Cerletti that it was safe to apply this method of inducing 
fits to human beings, as indeed some French and Swis.s 
observers had shown in 1903-7. Medima’s method had 
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certain obvious disadvantages — intraveiiovis injection is 
sometinies meelianically difficult, especially after it lias 
been carried out several times into the same vein ; and, 
for a few moments before drug-produced convulsions, 
patients often experience a most distressing aura, the 
memory of which remains and makes them fear subsequent 
treatment. Electrical methods of inducing the convi!.lsion 
avoided this, and are now almost invariably used, though 
there is some variation in the technical procedure, 
according to the instrument employed. Most psychiatrists 
have applied to the brain an alternating current of voltage 
between. 50 and 150 volts, for a period ranging from a 
tenth to half a second. 

The risks of the treatment are almost entirely due to the 
motor excitation. Thus dislocations or fractures may be 
caused by violent movements in the convulsion: chemical 
means can be employed to prevent such mishaps, but there 
are in turn some objections to the routine use of the di'ug 
(curare) appropriate for this purpose. Respiratory and 
circulatory complications can usually be foreseen and fore- 
stalled if there is thorough preliminary examination. 
Patients with pulmonary tuberculosis or a number of other 
systemic diseases may have their condition aggravated if 
given convulsions : but it is mostly a question of weighing 
the advantages against the risks in the given individual 
who has one of these diseases, rather than putting up an 
absolute bar against treatment by convulsions. Some 
observers, pointing to the severe damage to the brain . in 
accidental electrocution, and to the impairment of memory 
which may follow the series of convulsions, have concluded 
that cell destruction must be reckoned as part of the price 
that may have to be paid for tliis treatment : but there is 
no conclusive evidence that there are permanent changes 
of any consequence in a previously healthy brain after a 
series of twelve or so convoilsions. 

The results of this treatment are reported in a large 
number of divergent papers, agreeing only about the 


anterior part of the frontal lobe with the dorsal median 
rmclans of the thalamus. The subsequent raental state of 
the. patiejit may be like that of a person who has received 
a severe injury to the brain in an accident : he may become 
tactless, .outspoken, careless, self-satisfied and without 
iaitiative. But these consequences are by no means always 
evident: in some patients even a skilled observer cam 
detect little amiss once the immediate effects of the opera- 
tion have passed off, whereas in other patients the sub- 
sequent condition amounts to a dementia; behyeeii these 
extremes many gradations may be seen, partly dependent 
on the previous personality and the illness of the pat ient 
in question, and partly on the location and extent of the 
cuts made through the frontal white matter. Psychological 
tests show that there is no impairment of formal intelligence 
as a rule; the subjects gain as high a score on standard 
intelligence tests as they had before the operation. In the 
practical affairs of life, however, many of them do not 
behave intelligently, and a number of psychologists have 
therefore tried to determine and measure the impairment 
in adaptive functions which this practical inefficiency 
connotes. It has been observed, for instance, that in the 
well-known Porteous Mazes those who have had a leuco- 
tomy (the name commonly given in this country to the 
operation) are at a disadvantage, since they do not look 
ahead. They do badly in other tests which are designed t{> 
measure capacity to hold back a motor impulse or persis- 
tence in attaining a goal one has set oneself. Study of the 
deficit produced by the operation is in its early stages, but 
has double importance: it will illuminate the way in which 
an interruption of fronto-thalamic nervous connections 
benefits certain forms of mental illness, and it will enable 
us to assess, the price the patient pays for the benefit. The 
price may be a high one: apart from gross disturbances 
such as epilepsy (which are hot unknown a.s effects of the 
operation) permanent blunting of the patient’s sensitiveness 
and restraint may have to be reckoned with. On the other 
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liand, these residual handicaps may be judged trifling, 
when set against the severe symptoms wliicli the operation 
relieves. Obviously frontal leucotomy is not to be under- 
taken lightly, after a few months’ trial of less drastic 
measures ; the decision calls for a thorough appraisal of 
the social as well as the more narrowly medical issues in 
the individual case. - 

The patients who benefit most are those who are cease- 
essly harried by painful ideas, or are given to outbreaks of 
uncontrollable violence. The more signs of emotional 
tension beforehand, the more gratifying the result. Whether 
the patient has a schizophrenia with persistent delusions 
and hallucinations, or an obsessional illness with persistent 
fears and impulses, the leucotomy, if effectual, will not 
usually abolish the morbid ideas but will make them 
bearable and unimportant to him : it is, in short, an 
operation to alleviate symptoms, rather than to end a 
disease. The symptoms may be of the kind that make it 
imperative for the patient to be nursed in a hospital, 
because of liis outbursts of excitement: after the operation 
he may be no longer thus destructive and violent, so that 
he can return to his home or at any rate lead a quieter life 
in the hospital. In the recently collected findings of a 
thousand patients treated by leucotomy in this country, 
there were 364 recorded who had been violent before the 
operation ; 260 of these were improved in this respect 
afterwards. There were, in this series, 757 patients whose 
illness had been going on for two years or more before the 
leucotomy: after it 173 of them were able to leave the 
mental hospital and were not known to have relapsed later. 
Of the 757, 489 were diagnosed “schizophrenia” and 150 
“manic-depressive”; 15% of the former returned to live 
at home, and 38% of the latter. 

Empirical Treatment 

It is clear that these methods of treatment — insulin, com 
vuisions, leucotomy — are not specific or, as yet, rational. 
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Like all empirical treatment that is not specific (in contrast, 
say, to the use of quinine in malaria) their development 
had to go through a hit-and-miss stage, the length cf 
which depends on the care with which the tlierapeniic 
experiments are planned and conducted in order to disclose 
the range and mode of operation of the methods and the 
clinical indications for their use. And, like all methods of 
treatment in psychiatry that are not concerned whh 
diseases having an established pathology and course {hi 
contrast, say, to general paralysis) opinion as to their 
chicacy has to be judged in relation to a recovery which 
could have occurred without this intervention, either 
because the illness tended tow'ards recovery anyhow or 
I because other methods of treatment were being employed 
concurrently with benefit. It is impossible, of course, to 
:■ deal i^vith the patient as though he were a laboratory 
animal and to abstain from doing anything to help him 
except carry out the special physical treatment: if he 
cannot sleep, sedative measures must be employed ; he will 
take part in the organised routine and occupations provided . 
in the hospital ; the doctor will see him and their conversa- 
tions vrill inevitably have a therapeutic intention; and, 
indeed, the special treatment itself induces a temporary 
illness and dependence which demands nursing or medical 
attention to a degree that may have much psychological 
effect upon the patient. In a slightly older method of 
physical treatment — continuous narcosis (driig-induccd 
sleep) — many psychiatrists believed that the virtues of the 
treatment actually resided in this induced helplessness 
which made the previously isolated and inaccessible patient 
receptive to psychological treatment. 

It is generally conceded that in the main the patients 
who respond best to insulin or convulsions are those finr 
whom the prognosis would have been good in any case: 

" the newer methods of treatment shorten the illness, it is 
claimed, or prevent secondary products of the illness (e.g,, 
resentment at being a long while in hospital), but they do 
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Periodic Catatonia 

The ciificrence between empirical procedures and a rational 
psyclriatric treatment may be seen on comparing them with 
Gjessing’s work on periodic catatonia." Gjessing, a 
Norwegian psychiatrist, began about twenty years ago a 
painstaking study of the metabolism of the very small 
group of patients in whom repeated attacks of catatonic 
stupor or excitement occur in a regular sequence: the 
condition is usually included in the larger class, schizo- 
phrenia, and is by some thought to be a blend of schizo- 
phrenic and manic-depressive illnesses. In a period of 
* Sec glossaiy under “psychiatry” for all technical terms. 


not, for the most part, turn a hopeless into a remediable 1 ! 
condition. This obviously makes it harder to tell how = I 
much the special treatment has contributed to a recovery ^ 
which could have occurred without it. Statistical com- 
parison of sufiiciently large and well-matched series of 5 
cases treated and not treated by the method is the proper ‘ \ 
recourse in such a difficulty : it has been employed by i 
L. S. Penrose and many other investigators. ' 

Insulin, convulsions and leucotomy do not exhaust the I 

physical methods of treatment lately introduced into ;■ 

psychiatric practice. Continuous narcosis, brought into f 

use in 1922, has already been referred to : it has its success j 

in much the same kind of illness as convulsive treatmW. | 

Drugs such as amphetamine sulphate (benzedrine) and • |, 

choline derivatives have been employed systematically. A - !i 
“conditioning” method which makes use of a drug that 
causes vomiting has been effective with some addicts to 
alcohol. Nitrogen inhalations ; faradic stimulation ; “electri- \ 
cal narcosis”; artificially produced fever, sometimes com- 
bined with convulsions; and “refrigeration therapy” (in . \ 
which the temperature of the body is reduced below 85'") ;i 
have been tried, in accordance with some dubious theory or 
dubious observation, and for the most part have soon 
been dropped, as too dangerous or ineffectual. 
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13 years Ojessing investigated ten such cases over a total 
of 3,500 days. Having excluded all complicating InitLiences 
such as chronic infections, he put his patients on a strict 
diet, and carried out daily biochemical examination of 
their blood, urine and feces. He discovered that in place 
of tile normal regular nitrogen excretion, periods of excessi ve- 
excretion and excessive retention alternated, consistently ’ 
related to the mental changes. In one type excitement or 
stupor sets in just after the time of maximum nitrogen 
retention, and lasts while over-excretion is going on to get 
rid of the accumulated nitrogen; in the other type the 
excitement or stupor sets in just before the time of maximum 
e.xcretion and lasts for the greater part of the period of 
retention. A given patient will always exhibit the same 
type of relation. The assessment of the mental state and 
observation of its changes was made as objective as accurate 
records and the use of appropriate instruments could 
ensure. It seemed possible that the changes in nitrogen 
output might be dependent 'on excessive muscular activity 
(and under-nutrition) during the phase of excitement ; but 
the second type of relation put this out of court, since the 
excitement there coincided with nitrogen retention. For 
this and other cogent reasons Gjessing concluded that the 
phasic disturbance of nitrogen metabolism constituted the 
fundamental pathology of the disorder, the mental changes 
being merely the outward symptoms. If, then, the metabolic 
anomalies could be prevented, the mental state would 
remain normal. The chief (though not the only) metabolic 
anomalies concerned nitrogen storage and excretion. 
Thyroxin is known to deplete the body’s nitrogen store and 
thus increase excretion. Gjessing therefore gave a large dose 
of thyroxin (40-50 mgm) over 8-10 days to prevent any 
retention of nitrogen: a considerable loss of nitrogen 
and of body weight, occurred. He then gave maintenance 
doses of thyroid to keep the nitrogen store low. By thivS 
means, and insistence on a milk and vegetable diet with 
low protein content, the phasic changes in nitrogen output 
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caiac 10 an end. The pati ents he treated in this way remaine*^^^ 

lies irom iiieiUal symptoms for years ^ e^iaineu 

Patients who have true periodic catatonia are few md 

far between, and the results obtained with 
be paralleled in, other catatonic patients or in pafente S 
oJiw perjodj.c mental illnesses. But the obieef ^ 
provided by this tiny group and the ^aderwirk of 
^jessmg on them needs no underlining 

Wesson is afforded bv 
trjtpcisamide, an arsenical drug, the product nf Avtr ^ 
ordinarily careful systematic research, which is benebcid 
m trypanosomiasis and in general paralysis. Penicillin 
too IS now being used for general paralysis. But GjessSs 
woFK Stands out since the condition he treated had been 
legarded not as a symptomatic psychosis, in whicli the 
mental fea ures are manifestations of a known physfc^ 
disease, but as a form of schizophrenia. 

ri, f 1 psychoanalysis is lilcewise 

an object lesson m rational therapy. If the thenrv rtf 
psychoamlysis be accepted, then to colm In S ^ 
nphdd. There is however stUl, as everybodnnmv? 
mimh controversy about the correctness of the theorv’ 
and some uncertainty about the efficacy of the thera™ 

It is not necessary or appropriate to examine the views and 
evidence here; certainly psychoanalysis exercises a great 
influence upon psychiatric thought and practice. It is now 
more than fifty years since Freud and Breuer pnblisted 
meir histone paper. Psychopathology and psychotherapy 
have developed during that half century in very intimate 
association ; and if psychopathology rested on observations 
as easily made and verified as those of somatic pathology 
mere vvould now be little chance to wonder wteto 
psychotherapy is rational or empMcal. The same can be 
said of social methods of treatment which are now widely 
ulihsed. through the agency of the trained psychiatric 
social w^orker. Many methods have been brongfc forwSS 
of late years to widen the scope or intensify the action 
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of social and psychological treatment: “group ps};-cjio- 
therapy” is such a method which now occupies rnuch 
attention. In all of them, however, it is plain that working 
-out a technique of treatment, constantly modified in the 
light of individual or collective experience, is enforced by 
day-to-day clinical needs, to. the detriment of thcraperriic 
experiments planned with something of the same care as a, 
laboratory investigation. This is almost unavoidable, as 
anyone may see who reflects on the complexity of psyc.ho- 
iogical aberrations and their treatment, and know.s 
strong pressure to do something active and confident is 
brought to bear on the physician who undertakes sucJi 
treatnient- 

This pressure of human need, always an important 
factor and the chief incentive in the development of thera- 
peutics, has been responsible in psycliiatry (as in other 
branches of medicine) for some wrong turnings and hasty 
expedients. In psychiatry, moreover, animal experiment 
can give little help as the preliminary testing-ground for 
remedies, since the main patterns of mental illness cannot 
be reproduced in other animals. For that vast part of mental 
illness which has as yet no known bodily basis, man alone 
can be the subject of crucial experiment ; and^ although 
therapeutic experiments on man can be daring, as Wagner 
Jauregg and many others have shov^n, they cannot in a 
normal society be well controlled. Fuller said of the good 
physician that “he handsels not his new experiments on 
the bodies of Iiis patients, letting loose mad receipts into 
the sick man’s body, to try how well nature in him will 
fight against them, whilst himself stands by and secs tlic 
battle: except it be in desperate cases when (ieath musl; 
be expelled by death.” The good psychiatrist, though he 
recognises that the issues in mental illness are desperate 
enough, is averse from over-bold enterprises in treatment ; 
but he is in the predicament, as other doctors have been 
too, that he must either wait until research throws more 
light on the causes and pathology of the diseases he treats, 
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or lie must try any new measures, from the outset, on 
volunteers wno are aware broadly of the chances of improve- 
ment and the risks or uncertainties the treatment presents. 
This is in respect of new measures: for established treat- 
ment, the psychiatrist already has at his disposal a body 
of therapeutic experience and many procedures, both 
rationai and empiricaL The good results", though patently 
insufficient, bear comparison with what is attained in other 
branches of medicine. 


Detection of Meteors by Radar 

DR. G. RABEL 
PF/iat is Radar? 

Foil a long time past Radio' Direction Finding has assisted 
in determining the position of a craft both in the air and 
on the sea. Ihe aerial used for this purpose is a frame 
which can be made to rotate about a vertical axis. If the 
frame is set edge-on to the direction from which a signal 
is coming, the aerial gives maximal response. If it is 
turned round by 90 degrees so that the plane of the frame 
is perpendicular to the path of the signal, the response 
is zero. Thus the bearing of a signalling coastal station 
with respect to a ship can be ascertained, and if signals 
are taken from two or more radio beacons, the point on 
a map where these lines of bearing intersect gives the 
position of the ship. 

R.D.F., then, requires the cooperation of some outside 
station — ^though, it is true, this cooperation may be entirely 
involuntary, as for example when an illicit transmitter 
reveals its presence, 

''•The distinctive feature of Radar, or Radiolocation, is 
that it needs no cooperation whatever on the part of the 
object but works on its own, by sending out signals into 
space and watching the echoes which come back. 

The fact that electromagnetic waves are of the same, 
nature as light waves and can, like them, be reflected and 
refracted (bent) was demonstrated by Heinrich Hertz in 
1888. When waves pass from one medium into another 
medium of different electric properties, e.g., from air into 
water, one portion of the radiation is thrown back into the 
first medium, while another portion enters the second 
medium and becomes refracted. For instance a stick lying 
part in water and part in air looks as if it were broken, 
28 
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because the light rays from the under-water part are bent 
Oil crossing the surface into the air. 

Jf the boundary surface is smooth, i.e., contains no 
irregularities or ripples of the same order of magnitude as 
the wave length, tiic reflection is regular as from a mirror. 
If there are considerable irregularities, the incident rays are 
scattered in all directions as wdien light falls on frosted glass. 

The. time a vi'ave takes to go out to an object and come 
back, depends evidently on the velocity with, which it 
travels and the distance of the target. “These three quantities 
are connected by the simple equation 

velocity— or distance— time x velocity, 
time 

The time for the round trip can only be measured if 
the moment of sending is precisely defined, that is if the 
transmission is interrupted. Fizeau was the first to introduce 
this method when he undertook to measure the velocity 
of light. Fie used a toothed wheel to provide periodical 
interruptions. To-day short “pulses” of a limited number 
of oscillations are sent out. 

Fizeau knew the distance his rays had to traverse, hence 
by measuring the time they took he obtained their velocity. 
The radiolocator knows the velocity of his rays, hence by 
measuring the time he obtains the distance. 

The Cathode Ray Oscillograph 

As the velocity, of radio waves in air is the same as that 
of light, namely 300,000 kilometres per second, a signal 
takes only 0.001 seconds or one millisecond to travel 
300 km., and only 0.00001 seconds or ten microseconds to 
travel 3 km. No mechanical device could react quickly 
enough to make exact measurements of such time intervals, 
and wherever extremely quick response is required, the 
Cathode Ray Tube Oscillograph is put into action. 

The main principle of this device, leaving out details, 
is this: an evacuated glass' vessel in the form of a cone 
contains a pair of electrodes connected to a battery. The 
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negative electrode, called the Cathode, which is placed at 
the. narrow end of the tube, is heated by an, auxiliary 
current so as to emit a considerable stream of negative 
electrons. These wander towards the positive electrode 
near by, called the Anode, and as the anode lias a small 
hole in its centre, some of them move on through it and all 
through the length of the tube until they hit the broad end. 
This end is formed by a' screen of fluorescent material and 
each time electrons hit that screen, a bright spot of light 
appears on it 

If somewhere between the anode and the screen two metal 
plates are fixed to the right and to the left of the tube, one 
of them charged to a positive, the other to a negative 
potential, the electron beam emerging from the cathode 
will be deflected tov/ards the positive plate, and if the 
plates are alternately charged positively and negatively, 
the electron beam will follow suit and oscillate from the 
right to the left and back. 

In practice, one of the plates is connected to a condenser 
which is periodically charged and then discharges itself 
quickly. Hence the electron beam sweeps horizontally 
across the screen and suddenly returns to the starting 
point. This movement of the electron beam is called “the 
Sweep” and the bright horizontal line it traces from left 
to right on the screen is called “the Time Base”. The 
sweep is so adjusted as to work in time with the pulse 
transmitter. It starts at the utmost left corner each time a 
new pulse is sent out and moves over the screen with uniform 
.speed. Therefore the distance of a point on the time base 
from its left end can serve as a time scale. If another 
eieclric field is applied perpendicularly to the first, that is 
above the tube and below it, it deflects the electron beam 
upward and downward. 

In radiolocation, the incoming (reflected) radio waves 
supply the potential for the vertical electric field. But some 
grooming is needed before they can produce the desired 
effect. The waves are rectified, which means that their 
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oscillatory electric force, is transformed into direct current 
by toe omission of one half cycle in each, fiixl wave. Then 
they are amplified because otherwise they would be too- 
feeble. Thus prepared, it is they which deflect the electron 
beam away from the time base. ■ 

The times at which such deviations occur are easily 
measurable on the horizontal base, and as the travelling 
speed of electromagnetic waves is a known and constant 
factor, the scale can be graduated in kilometres (or miles) 
so that one glance on the scale provides direct, without 
further computation, the distance of the target. If the 
target moves, the bright pulse spot moves along the screen 
either towards the starting-point of the baseline or away 
from it. In modern equipment the azimuth of the object 
can also be read direct from a horizontal scale and the 
angle of elevation from a vertical one. 

Only a few pulses are sent out in every second, because . 
it is essential for the method that the energy from the 
reflected wave shall have died away before the next signal 
goes out. A station may send out, say 25 pulses per 
second, each lasting ten microseconds. That means that 
the whole span of time occupied by the signals is only 
0.000250 seconds, or as the wireless man puts it : “the 
transmitter marks 250 microseconds”. This very small 
“mark/space ratio” is characteristic for radar transmitters 
and explains the fact that very high pulse energies can be 
obtained. Suppose the peak power to be 800 kilowatt, 
llic mean energy over a second would nevertheless only be 

800x25 0 _ ^ 2 liiiowatt or 200 watt. 

1000000 

When the attention of the wireless world was called to 
the fact that radio waves are reflected from layers of 
ionised gas in the upper atmosphere (the ionosphere), 
scientists both here and in other countries set lliernselves 
to study these echoes systematically and soon they observed 
abnormal echoes of very short duration which seemed to 
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come from passing meteors. A great number of these 
transient echoes were noticed during the Leonid shower 
of 1951, for instance. 

Sir Edward Appleton suspected that passing meteors 
might be responsible for irregularities in the ionisation of 
the upper atmosphere, and therefore careful watch was 
kept over them. 

However, it seems that the main ' interest aroused by 
this technique was at first directed to the practical impli- 
cations of the phenomenon. Could not terrestrial objects, 
ships and aircraft, be detected by the same method? As 
early as 1931, the British Post Office made experiments 
on five metre wave length for this purpose and it was 
definitely established that a flying aeroplane, even if 
invisible, can be detected by a ground receiving apparatus. 

In 1935-6 the first exploring station was installed at the 
east coast of England. Long before the war the system 
had been made foolproof for unskilled operators. The 
scientific exploration of the ionosphere together with the 
practice of direction finding has thus generated in this 
country the technique of radiolocation. The American 
temi Radar was later adopted because it is shorter. 

Meteors 

Meteors (shooting stars) as a rule become visible at a 
height of 100 kilometres. As they enter the atmosphere 
with a terrific velocity, their impact upon the gas molecules 
of the air has two effects: heat and ionisation. A brilliaiu 
white light flashes up and columns of glovring ionised gas 
are left behind in the wake of the meteors, slanting down 
towards the earth. When they have reached a height of 
about 70 kilometres, the meteors are usually reduced to 
ashes, and vanish. 

Most meteors are extremely small, like grains of sand, 
their radius being a fractiop of a centimetre and their weight 
a few milligrams. A small percentage of them are larger ; 
these manage to penetrate the atmosphere and to land on 
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cmr eartli. The well-known meteorites are -t^xceptionully 
large, ones.'^ . . 

It is now often assumed' that most meteors, if not all, 
are crumbs spilled when a comet hits on the atmosphere 
of our own or some other planet. An impressive example 
was supplied by the thrilling adventures of Biela's Comer. 
When this comet, whose period is 6| years, came near the 
earth in iS45, it consisted of two bodies which moved 
side by side slowly separating from each other, fn 1852 
they w^ere farther apart. Neither in 1859 nor in 1866 was 
the comet sighted at all, but on the 27 November, 1872, it 
reappeared — this time transformed into a w^onderful display 
of meteors. Since then the shower has repeated itself 
regularly, though with varying intensity.-]- 

It looks as if roughly speaking meteor showers keep 
moving on the same track as their parental comet and that 
hence meteors, like the comets, belong to what has been 
called “the obedient family of the Sun”, which revolves , 
round the Master and follows him on his journeyings 
through the universe. 

Meteors are known by two different names, a practice 
v/hich is liable to confuse the Ia 5 nnan. They have a family 
name derived from their real ancestor and a topographical 
name w'hich designates their “radiant”, the corner of the 
sky, the constellation, or to use for once astrological style. 
Even the small percentage of larger meteors is said to amount to 
146,000 millions a year and it is estimated that in 3000 years the mass 
of the earth has increased by 1 million tons thanks to these arrivals. 
However, even a million tons is a trifle as compared to the total mass 
of the earth. 

t An amusing comment to this story is given by C. Olivier in his 
book, on Comets. Professor Challis in Cambridge saw on and after 
.January 15, 1852, two comets instead of one, but “he was troubled 
by many misgivings, having it evidently in his head that no well- 
behaved comet ought to divide into two. On the 24th he was linally 
convinced.” He explained that he could not devote much time to a 
comet caught in the act of multiplication because he was busy searching 
for Neptune. “1846 was a year of hard luck for the professor. . . . 
He and Airy share the serious blame for losing for England die 
undisputed priority in the discovery of Neptune and here he lost 

another ODDOrtunitV for makinff a iininne nhspi-vHlinn ” 
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the “Koliso” from wMcii they seem to emerge. Thus the 
Bielid shower is identical with the Andromedids and the 
shower connected with the Giacobiai-Zinner Comet 
VrhL'ii was observed in the autumn of 1946 is also named 
the Dracoiiids. 

It is rather surprising that a comet or shower whose 
period is anything between 3 } and several hundred years 
should, when it comes back, be met by us always at the 
same time of the year and coming out of the same house. 
We can only understand this phenomenon if we realise 
that the orbits of comets are very different from that of the 
earth, which is almost a circle. They are enormously ^ 
elongated ellipses of which only a short piece lies in the 
neighbourhood of, the sun while the rest stretches far out 
into space. A comet may come as near as five million miles 
to the sun (the nearest is 90,000 miles) and then escape 
very quickly and run as far away as 3,300 million miles. 
Such an orbit could almost be pictured as a very long pin 
with its head near the sun (perihelion) and its pointed end 
very far off. If a body travels along such a narrow orbit, 
it is plausible that when it comes back to the sun at all it 
comes back to the same house so that we encounter it at 
the same stage of our revolution round the sun. 

Another at first sight paradoxical fact is this : if the 
period of a comet and its accompanying meteor throng 
is 71 years, how is it possible that we do not encounter 
members of this shower every n years only, but much 
oftener, in many cases actually every year? The answer 
is that as the sliower goes on, it distributes itself evenly 
over the whole orbit and the longer a comet has sojouriied 
in our solar system, the more unifonnly scattered is its 
meteor stream. The Perseids, for example, or the Oiionids, 
are met every year in about equal strength, whereas the 
Leonids, introduced into our sbiar system as late as 1 26 A.D. 
{when Tempel’s Comet came into dangerous proximity to 
the planet Uranus) are not so evenly disseminated yet. 
On a bit of their track which; takes three years to pass 
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the earth they are closely packed and during these three of 
their 33 years’ period they provide beaiiLiful fireworks 
(unless another planet attracts them too much as liappeiied 
ill i899) ; for the other thirty years, only a few of them are 
met annually. 

We are now, at long last, prepared to come to the gist 
of this story and to speak of its hero, the Comet Giacobini- 
Zianer. A feeble shower from this comet was observed in 
1926. In 1933, the earth passed the comet’s orbit at a 
distance of 560,000 miles and the result was the finest 
meteor display of this century. It lasted hours and 400 
meteors per minute were counted at the peak. In 1939, the- 
distance was much smaller but the earth passed the node — 
that is the point where the orbits cros3--4-l: months before 
the comet did, and no meteors were seen. 

In 1946, ail circumstances promised to be exquisite. . 
The earth was to reach the node only fifteen days after 
the comet and only 132,000 miles off from its orbit. No 
wonder that there were great expectations. 

Meievrs and Radar 

This time it was not only astronomers but also radio 
experts who stood at attention to await the illustrious 
visitors. They liad already gathered considerable knovdedge 
about meteors on former occasions. They w^ere aware 
that the radar sets used, for the study of the ionosphere 
were not suited for astronomical observations and had 
prepared a special directional beam aerial; that means 
tliat instead of broadcasting indiscriminately into space, 
the aerial radiated energy only into a narrow' channel and 
coiilci be pointed in any direction. 

Hey and Stewart had obtained hopeful results with 
radio echoes on January 3, .1946, when the Quadrantid 
sl'xOW'cr, and on April 20-22, 1946, when the Ljuid shower 
was due. The echoes coincided to a certain, extent with 
visual obser’vation. Also, when beams irom diubrent 
stations were directed towards the shower, and the direc- 
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lions established from whici tlie echoes were strongest, 
clotting these directions on . a chart revealed the radiant 
of the shower in good agreement with other computations. 

This gave confidence that the echoes actually ^ came from 
die meteors in question, but if radio echoes did no more 
than just confirm visual observations, they would not be 
the great triumph and promise for science they are. 

In fact, thirty per cent of the echoes received appertained 
to so-called telescopic meteors which cannot be seen with 
the naked eye and are only detected if perchance they pass 
through the field of vision of a telescope. 

Radio echoes do not come from the meteors themselves 
but from the lengthy filament of highly conducting gas 
which forms their trail or streak. The echoes are observed 
when the beam is directed at right angles to the length 
of the trail. 

In one set of observations undertaken' by Dr. Lovell 
and coworkers, about 1,000 echoes were analysed. The 
work was done on a frequency of 72 Me (million cycles), 
per second, which corresponds to a wave length of 4,2 
metre. The transmitter radiated 150 pulses per second, 
each lasting 0.000008 seconds. Peak power was 150 kilo- 
watt. The activity of the Draconid shower was confined 
to a fev/ hours on the 10th October from midnight till 
6 a.m. The peak was reached at 3.40 with 168 echoes per 
minute; five minutes after the peak only fifty echoes per 
minute were left and at 6 a.m. the rate had decreased to 
0.03 per minute which is normal in showerless times. The 
very rapid rise and decline impressed the observers and 
further they noticed a dissymmetiy between ascent and 
decline wliich seemed to indicate that conditions before and 
after the peak were somehow different, though what really 
happened is not yet clear (see plates 17 and 18). 

Most echoes were extremely transient, lasting hardly one 
half second. Visual observers were disappointed becat'ise 
both here and in America the weather was unfavourable— 
too many clouds and at the same time too much moon- 
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light. By combining the results, of several observers, 
however, a curve was obtained which showed, like the 
radio echoes, the very short duration of the whole shower 
and its rapid ]'ise and decline. The maxinmni really ob- 
served was 16 meteors per minute, which, with some 
corrections, grew to 37,5. 

But even the highest counts remained very far below those 
of 1933 when the conditions seemed so much less ihvoiir- 
able. Meteors, if no longer a by-word for sheer caprice, 
are still not the most reliable inhabitants of this W'OrIcl. 

.1. S. Hey applied an ingenious method to measure the 
velocity of the meteors in a simpler and more accurate 
manner than astronomers could. There is a faint trace of 
an echo due to ionisation in the immediate proximity of 
the meteor. Then follows the main echo from the long 
ionised column. From the faint trace associated with the 
meteor itself as read olf the time base the velocity could 
be computed and was, as an average from 22 cases, found 
to be 22.9 km, per second — in good agreement with other 
estimates. 

Almost 23 kilometres per second is really a remarkable 
velocity. A meteor would travel from London to Cam- 
bridge in four seconds. If meteors at such speed meet the 
earth which itself speeds on at, about 29 km.p.s., their 
velocities add up to more than 40 and the ionised trails 
produced by such impact are easily detectable. For the 
few meteors whose speed is greater than that of the earth, 
and which therefore are able to overtake it, the energy 
of impact is given by the difference between the two velo- 
cities which is small so that these meteors are not easily 
detectable. 

But from now on astronomers will no longer be depending 
on what their eyes can see. They will neither be depending 
on good weather nor on the darkness of night for their 
work. When at a meeting of the Royal Astronomical 
Society Sir Edward. Appleton inquired whether a maximum 
of meteor echoes at noon which he had found, corres- 
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ponded to any astronomical reality, he was told : “On 
the distribution of daylight meteors the visual observer 
cannot say anything. We must leave it entirely to the radio 
obser>ers to investigate these.” 

The astronomer Mr. Prentice- said; “This beautiful 
ne\v technique represents a major advance. We feel like 
the first possessors of 'a telescope, unexpectedly armed 
with new powers of observation.” 

By means of the narrow beam aerial array, the meteors 
of an individual stream can be studied in isolation, and a 
continuous record, of the activity of a given sliower can be 
maintained year by year, which was impossible hitherto. 
Further, the fact that meteors can be observed in daylight 
enables a search for new streams which can never be seen 
by the eye. Indeed, quite recently, in 1947, Lovell discovered 
the great Pisces-Aries-Taurus stream active from May to 
July, far wider and richer than any of the annual streams 
with which we are acquainted in the night sky. 

When the European war was over, plenty of radar sets 
and radar teams in tliis country were unemployed; Sir 
Edward was asked to find work for them and he suggested 
they should detect sporadic meteors. So there exists now 
a huge and intelesting collection of data taken round the 
clock for almost a year. The results are not yet available, 
but already Appleton and Naismith see their assumption 
confirmed that it is these sporadic meteors which keep up 
ionisation in the upper atmosphere during the night. We 
can liear night programmes on the radio, not only because 
the ionisation produced by the sun is retained but because 
the atmosphere is ceaselessly bombarded by the tiniest 
meteors. 

Other Uses of Radar 

Such a delicate detector of foreign bodies, /.«?., of objects 
with electric properties different from the air, cannot fad 
to detect plenty of other things apart from meteors, ships 
and aircraft. It seems that a complete picture of the land- 
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scape is offered to the jBying pilot on some types of receiving 
arrays, if only in the form of spots and lines on the iliiores- 
cent screen. ■ . - 

When ill 1943 high-powered transmitters -were intro- 
duced, even birds did not escape detection, and bird 
■echoes became such a menace for British coast watching 
that radar operators had to be specially trained to dis-, 
•tinguish them from echoes of military importance. Aircraft 
■can usually be easily distinguished by their greater speed; 
not so naval craft. At long range the echo from a bird 
flying fully in the beam of a radio set can be equal in 
strength and speed to that of a ship, in fact, birds have 
given rise to several E-boat scares and to at least one 
invasion alarm. Even small birds in flocks can be a nuisance 
to operators. 

Heavy rain is also a reflector. 

Cloud Range Detection 

A special kind of Radar which uses extremely short electro- 
magnetic waves, namely those of the visible spectrum, has 
recently been applied to measure the distance of clouds. 
A very intense light flash of one microsecond duration is 
produced by a high voltage spark gap at the focus of a 
paraboloidal reflector. The beam is aimed at clouds and 
the reflected flashes are received by another paraboloidal 
mirror with a photocell in its focus. The task of the photo- 
cell is to rectify the waves (let only one direction pass), 
then they are amplified and displayed on the Cathode Ray 
Screen as usual. The distance of the reflected spot from 
the time base origin measures the range of the clcud. 

The Moon - 

Epoch-making has become quite, a phrase in modern 
■engineering. It cannot be denied that anodic r epoch was 
opened when for the first time radar came in cordnet with 
the Moon. Assumptions that echoes might be obtained 
from the moon were never taken seriously until Sir Edward 
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Appleton caregoiicaiiy stated that it was possible. Less 
than a year later his prophecy was fulfilled by the Unlied 
States Signal Corps. Wireless experts assert that the con- 
ditions were of the utmost unsuitability. The equipment 
wa:^ an ordinary and old-fashioned Army Signal apparatus 
of such size that it could not be lifted. Therefore the 
experiments had to be performed when the moon had 
just risen and was standing on the horizon. That meant 
that the atmosphere did its worst to attenuate the signals. 
But nothing of all this prevented a full success, and on 
January 10, 1946, at 11.58 a.m., contact xvitli the moon 
was achieved. 

An interesting peculiarity of the moon echoes is that they 
manifest the phenomenon known as Doppler Efiect, When 
a source of vibration moves towards the observer, he 
receives more vibrations per second than the source emits, 
so that, for example, the pitch of an approaching engine 
is higher than when it is at rest. As the moon moved with 
a relative velocity of 682 miles p.h. towards the earth, 
the reflected wave differed from the transmitted one by 
227 cycles. The American experimenters had calculated 
this effect beforehand and tuned their receiving set ac- 
cordingly. The fact that this particular frequency was 
received, as well as the time lag of 2.4 seconds between, 
transmission and reception, were definite proof that the 
echo really came from the moon. 


Cave Science 


DR. MARIO PAVAN 

Tns study of caves in. all their varied aspects is given the 
general name of spelseology. 

Caves olfer many different subjects of i-essarch to the 
student, and in the following pages we will glance briefly 
at their principal aspects, dwelling chieSy on the biological 
researches which have been the writer’s particular concern. 

No less worthy of consideration, however, is the explora- 
tive side of spelaeology, which generally • absorbs much 
energy and makes especial demands on the spelieologist. 
indeed it requires a form of “Alpinism” whose chief 
characteristics are quite peculiar: it must be remembered 
that if the locality is new, a genuine exploration has to be 
made v/ith all the unknown -quantities and surprises 
inherent in unexplored territory, and with the disadvantage 
of being nearly always cut off from any kind of communica- 
tion v/ith the outside world. But if this were all it involved 
it would still be a relatively simple affair. 

The exploration proper is only started after a long series 
of preliminaries ranging from locating the exact site of 
the cave to transporting the necessary equipment and 
making all the preparations. Lined up together on the 
ground for hunting and collecting are strange-looking 
bandoliers made like cartridge belts but provided with 
thick glass test-tubes, and in some cases, pairs of peculiar 
steel pincers or leather harness with hooks and strong 
rings; small cases containing compasses, goniometers, 
altimeters, thermometers, barometers, and hygrometers; 
helmets with odd-looking lamps and flexible tubing fixed 
on top, coils of rope, ladders of flexible steel cable, miners’ 
lamps, accumulators for under-water lighting, overalls, 
*Translated by Teresa M.agnanL 
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floats, _ diving suits, field telephones, and other objects 
which are of less bulk but just- as necessary and precious 
as the others. Then, if we are dealing with chasms, begins 
the longest, most fatiguing and most delicate of all the 
■preparaiions, the one on which the outcome of the explora- 
tion largely depends — the putting together of the equip- 
ment used in descending the abysses. The actual exploration 
often presents extreme difficulties; climbing down ^ over- 
‘ hanging walls, wading through rivers or basins of ice-cold 
v'ater, negotiating cascades or under-water ‘siphons’ or 
large seini-liquid deposits of bat guano, in which there is 
a risk of sinking and being swallowed up as in quick-sands. 

All this often necessitates spending long periods under- 
ground, which may stretch into days on end, often in danger 
of an unexpected storm bringing down enormous torrents 
of water from which escape is difficult. On August 25th, 

/ 1925, this misfortune actually befell the unlucky expedition 

which was exploring the Bertarelli Abyss, when two men 
were swept away and dashed to pieces by the force of an 
unexpected fiooi while the rest of the party escaped only 
with great difficulty after indescribable adventures. 

Even greater complications and perils are encountered 
when exploring caves with vertical shafts, especially wdien 
these are the site of water phenpmena. 

Since lively interest has always been aroused by the great 
depth of some of the caves, a table is given below of the 
principal caves of the world arranged in order of deptip 
(Multiply by times to convert metres to feet). 


Cave 

Depth 

Locaiity 

Bpluga deIJa Prera 

637 m. 

Venctia, Italy. ' 

(Chasm of the Preta) 
Antro di Corchia 

559 m. 

Tuscany, Italy. 

*FledermaushoIe 

557 m. 

Styria, Austria. 

(The Bat Cave) 

Anou Boussouil 

520 m. 

Djurjura, Algeria. 

Abisso di Veroo 

518 m. 

Venezia Giulia, Italy.' 

Abisso di Montenero 

500 m. 

Venezia Giulia, Itah'. 

*not completely explored 
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Gave Depth 


.■\bisso Bertarelli 

450 

m. 

=‘=Henne Morte 

446 

ni. 

Abisso Frederic Prez 

420 

m. 

G cotta Gugliemo 

350 

m. 

Pozzo di Trebiciano 

329 

m. 

Tama dell’ Uomo selvatico 

318 

m. 

(The Wild Man’s Den) 



II primo abisso del Colle 



Schirlenico 

316 

ra. 

Abisso Revel 

316 

m. 

Sarkotich 

310 

m. 

Grotta dei serpenti 
(The Serpents’ Cave) 

304 

ra. 

Abime Martel 

303 

m. 

Inghiottoio di Slivia 

303 

ra. 


(Gulf of Silvia) 


Locality : 

Venezia Giulia, Italy, ; 
Haute Garonne, France 
Venezia Giulia, Italy. 
Lombardy, Italy. 
Venezia Giulia, Italy, 
Tuscany, Italy. 


Venezia Giulia, Italy. 
Tuscany, Italy. 
Montenegro, Yugoslavia. 
Venezia Giulia, Italy. 

Ari6ge, France. 

Venezia Giulia, Italy. 


In France they have recently explored the Chevalier Cave 
(Dent de Crolles, between Grenoble and Chambery) which 
has its own peculiar morphology, formed systematically 
so to speak by a tunnel with two mouths on opposite slopes 
of a mountain and with a series of wells rising vertically 
from the middle of the cave to the summit of the mountain.' 
%he distance from the outer mouth of the well to the lowest 
mouth of the tunnel is 658 metres. 


Primitive human and animal life in the caves 
Speljeology is indeed young ; it has approached full status 
and taken its place as a serious science only in the final 
decades of the last century, mainly owing to the work of 
the Frenchman E. A. Martel. From its first beginnings it 
has ov/ed a great deal to many other branches of science, 
and throughout its development has always maintained 
far-reaching and intimate connections with the other 
sciences. : 

A generalised interest in caves had already been, arous^^ 
in, the rare observer as far back as the Middle Ages, ’ hi 
Vv’e have few accounts of their explorations which >Vvlls 
ivorthy of record, apart from awe-struck reports o/ i^he 
inevitable “stone-forest” or the immensity of the years 
terraiiean regions. > where 

mot completely explored 



46 




The pa3i^oiitological deposits found in caves are of 
remarkable thickness-— sometimes many feet— and often 
\efy rich in precious fossil substances. In the cave called 
Bucco deli’ Orso (The Bear’s. Mouth) on Lake Como in 
Italy, ibr example, it has been calculated that there are at 
least three hundred skeletons of cave-bears ! 

Th'e practical importance of subterranean hydrology 
The importance of geological researches carried out in the 
caves is immediately obvious if we consider that one of 
the endeavours of the geologist is to compile maps of the 
earth’s depths, proceeding by examination of the surface 
evidence. , 

The help which can be derived from direct investigation 
into the heart of the rock is, hov/ever, limited by the fact 
that the existence of caves is not a universal phenomenon 
but appears only in certain territories containing soluble 
rock (calcium carbonate). Caves in other regions are due 
to different causes possibly having nothing to do with the 
dissolution of calcareous rock under the action of water. 
They are rare and of negligible importance. 

The geologist can, in any case, study all the problems 
inherent in the origin, development, and destiny of sub- 
terranean caverns ; valuable discoveries can often be made 
of the circulation of underground water, with particular 
regard to its practical utilisation for hydroelectric power,, 
irrigation, and the supply of water for the needs of man. 

In connection with the supply of drinking water to the 
dty of Trieste a lengthy investigation was made into the 
subterranean hydrology of the Carso, which was sum- 
marised in masterly fasliion by E. Boegan in “The Tiniavo”, 
a work published in the collection of “Memoranda of the 
Italian Institute of Spelaeolo^ (Postumia)”. As a result 
the aqueduct serving Trieste uses water from the Randaccio 
spring, which is fed from the subterranean course of the 
Tiniavo — the largest and most typical underground river 
.in Europe. 
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It is a widespread belief that undergroniid water is free 
from impurities detrimental to the health of man, but 
altlioiigh v.'e may drink such water quite freely vvhen it is 
distributed by modern aqueducts furnished with perfect 
sterilisation plants, there can be no such guarantee of safety 
wiierj. the water reaches us without undergoing the special 
purifying process. In actual fact water circulates through 
ihe strata of calcareous rock by means of cracks which 
are large enough to allow the passage of dangerous organic 
impurities along with the liquid. It is very rare for water 
slowing uadergi-ound through the fissures in calcareous 
rock to be free from dangerous infection. Moreover people 
living on the mountains frequently get rid of the carcasses 
of 'animals which have died of sickness, and of offal and 
domestic refuse by tipping it all into the caves. The water 
infiltrating into the ground then soaks up these deposits of 
decaying matter and carries their poisons and disease-laden 
bacteria to the distant spring, which is not suspected of 
being anything but pure and wholesome. The annals of 
hygiene record numerous cases of epidemics and of whole- 
sale and persistent poisoning whose origin has been traced, 
to the deplorable practices described above. Sanitary 
legislation has therefore intervened in many countries and 
forbidden the throwing of any kind of rubbish whatever 
into the caves. 

The Trou du Toro (Hole of the Bull) is a great gully 
2,000 metres above sea-level in Spanish territory in ihe 
Maledetta massif of the Pyrenees, not far from the French 
frontier. The waters of the Rio Barranco are swallowed, up 
and engulfed within it. The Spaniards had intended to 
divert the- waters of this torrent before they disappear into 
the Trou du Toro, but there were some who suspected that 
the -w'ater spread underground and went to feed the 
Garonne in French territory, so that its diversion within 
Spanish territory might irremediably weaken the tlow of the • 
French river, with grave consequences for the farming 
population. 



48 


SCIENCE NEWS V 


In i93S, after dourageous and patient investfgrUion, the 
French ppelteologist N. Casteret succeeded in demon,- 
strating scicntificaliy the correctness of this thesis, and the 
international issue it raised was settled in favour of France, 
which, thanks to this expert student of caves, was able to 
safeguard the interests of the vast area irrigated, by the 
.Garonne.. 

in recent years the caves have been the site of important 
Vv'ork in geodesy carried out with delicate and expensive- 
scientific instruments, and a parallel study has been made 
of the singular meteorology of subterranean caverns, often 
with strange and unexpected results. 

As cosmic radiation is studied in all the layers of the 
atmosphere, in the depths of the sea, and of fresh v/ater, so 
too this study has very properly gone underground, in order 
to find out the penetrative powers of these mysterious rays 
through different types of rock and under varying con- 
ditions. This kind of research will not of course remain 
isolated, but interesting possibilities are bound to develop 
of transferring its results from a purely theoretical field 
and applying them to the study of subterranean biology 
and to mining conditions. 

Nor should we forget the important place taken by caves 
in the history of warfare, and above all the military and 
civil function they might assume in atomic warfare. 

The United States are therefore carefully investigating 
the complex possibilities of the vast collection of galleries 
in the Mammoth Cave in Kentucky, an enormous natural 
cavern covering several miles. 

Biospelceohgy: the study of cave vegetation 

After this brief summary of some of the principal fields of 

study and possibilities of practical application in spcheology , 

we will pay somewhat closer attention to its biological 

aspect. 

The flora of the caves has aroused scant interest in 
botanists, but they would in fact repay the most thorough 
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Study, since there are many particular aspects worthy of 
invesiigation. 

The higher plants are only found in the areas near the 
cave-nioiitli and those parts of the cave lighted either 
directly or by reflection from outside, which do not oifer 
conditions of life differing excessively from the normal, 
and therefore give rise to no outstanding phenomeiia, 

la the interior of the caves, where there is no light at 
all, the synthesis of the leaf-green pigment chlorophyll 
cannot occur, and in consequence the flora consists entirelv 
of saprophytes which live on decaying organic matter, 
instead of relying on photosynthesis. 

The fungi frequently found in caves, upon the usually 
plentiful organic vegetable or animal remains, often exhibit 
obvious cryptomorpliic phenomena, /.<?., alterations in their 
usual structure which make it impossible to recognise the 
species to which they belong,* for in the majority the 
reproductive organs rarely reach maturity, and so there can 
be no examination of the seeds, the usual determining 
factor in the identification of the different species. In some 
caves which have been adapted for tourists, and have electric 
light installed (which is turned on at . intervals), species of 
the higher plants have succeeded — though with difficulty 
—in developing near these sources of intermittent light, 
making use of the little that they provide for photosyn- 
thesis. As an instance we may mention the existence of a 
new variety of moss (Bmchyteghim velutiimm var. spel- 
a’orum Latzel) which developed near the “Grande fvlonte 
Caivario” in the Postumia Gave 1,700 metres from the 
entrance. This new moss formed a group with other 
vegetation in proximity to a 500 wmtt lamp whicli was turned 
on for about 500 hours a year (see plate 26). 

In recent years attention has been drawn to the common 
phenomenon of the blackening of concretions in the Post- 
umia Cave, and examination of the blackened patina has 
revealed the presence of micro-organisms in various stages 
of development. 
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L Poll'd, who performed the preliminary work, s'li^gests 
iliar. the bacterial flora present on the concretions may be 
at least partly responsible for the blackening of the surface, 
since one suspects the presence of micro-organisms which 
lake up iron oxide and manganese oxide, salts with the 
characteristic brown or black colour of the discoloration. 
I'he blackening of the walls of caves is often, however, due 
to dilTerent, non-biological causes, such as deposits from 
the dust-laden atmosphere, or particles of carbon from the 
combustion of the lights used by visitors, or from the fires 
of cave-dwellers in remote times. Apparently identical 
phenomena do not always spring from the same cause. 

After this note on the study of vegetable biology we v/ill 
look at some details of animal biology. 

The fauna of the caves f 

If little work has been done on the flora of the caves the 
same cannot be said of the fauna, which has aroused and 
continues to arouse a most lively interest. 

The first documentary evidence of cave fauna proper 
comes straight out of the prehistoric Magdalenian epoch, 
for it is an incising on a fragment of a bison’s bone found 
in the “Trois Freres” cave at Ariege in the French Pyrenees. 

The incision represents a cavernicolous insect {Troglo- 
phihs) which has now disappeared from the Pyrenees and 
from the whole of Western Europe, but which still exists 
ill regions further East (Italy, the Balkans, Asia Minor). 
The unknown artist has transmitted in this fragment the 
most ancient evidence we possess of real cave fauna, w^liicli is 
attributed to an age many thousands of years past (Plate 28). 

Prehistoric sculpture and drawings representing other 
animals (bears, lions, mammoths etc.) which go back to 
an epoch even more remote than that of the Truglophilus 
incising, do not possess the significance attributed to the 
latter, since though these animals were presumably 
the guests, even regular ones, of the caves, they were not 
properly at home in the subterranean regions. 
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Next we make a jump to G. B. Trissiiio who, in. the first 
half of the sixteenth century, saw in the Covolo di Costozza 
in the Veiieto, some little fresh-water crustaceans (Niphar- 
gus), referred to briefly by F. Leandro Alberti in liis 
“Description of the whole of Italy” (see Fig. 1). 

No ready significant event occurred, hov/ever, until 
1 768 when the first description appeared of the “Proteus”, 
tiiat extraordinary amphibious newt belonging to the Ca.ve 
of Istria, which became the most celebrated caverriicoloiis 
animal (see Plate 29). 

In the last century the general flowering of science gave 
a notable impulse also to research on animal life in caves, 
which, it came to be realised, raised biological problems 
which were both new and highly interesting even from a 
general point of view. But while the few speleologists 
concerned themselves with the new problems presented by 
the animal population of the caves, the biological aspect 
was somewhat neglected in favour of the systematic study 
of zoology. This played the most important part for a 
long time, which is understandable when it is considered 
that the cave.s, even in our own regions, were — -and in part 
still are — ^virgin territory full of the most alluring new 
things. To cite only one example from one of the regions 
most studied by spelaeologists — the province of Brescia in 
Northern Italy — in the past twenty years of biological 
research we have found at least fifty genera and species 
hitherto unknown to science ! 

At the beginning of this century, Racovitza made a 
survey of biospelaeology and drew up a research programme 
based on the subjects which seemed to him the most 
important ones to investigate. Plis work aroused the 
atterU.ion of cave explorers and was a spur to the widening 
of our knowledge of the life of cavernicoious fauna. 

When considering animals in relation to their cave 
environment, it should immediately be made clear that not 
ail those found in caves are inseparable from them. For 
many years animals were in fact grouped in three categories 
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— those wMcli lost their power of reproduction in a cave 
en.vironment (trogiossem), those which retained tliis power 
and could still live in daylight (troglophili), and. those which 
were compelled to spend their whole existence imder- 
ground, from birth to death, and could not survive in day- 
light (troglobi). In 1944, the writer extended the scope of 
this division by pointing out that the troglosseni only 
arrive in caves by accident, whereas the troglopliili actively 
seek out and prefer the underground dark. 

Opinion is divided on the origin of the third group, the 
compulsory cave-dwellers. Some hold that in very remote 
times there was no proper cave fauna ; that following the 
setting in of external climatic conditions unsuitable to many 
forms of animal life, these took refuge in the caves ; and 
after a long period spent in their new surroundings they 
became completely dependent on the conditions of life 
underground and incapable pf returning to the outside 
world. 

Others suppose that through an actual organic tendency 
in certain animals these were to some extent forced to seek 
living conditions which only exist underground, and that 
the origin of the ties which they have contracted with the 
caves existed prior to their migration into that world. 

One of the various other hypotheses finds the origin of 
the true troglobi in animals w^cli came into the caves by 
chance and slowly settled in these surroundings, giving 
rise to all the troglobian fauna that we now know. 

It is obvious that none of these h3fpotlieses can be accepted 
or rejected in its entirety. Each one of them may correspond 
to some actual case, Mt none of them can be accepted 
outright as having a general validity. 

When the distribution of cave animals is studied in furlher 
detail, it is found that pndergroimd water, like the land, 
shelters well-defined groups of animals. Even round the 
mouths of caves, there is a characteristic animal population 
made up of organisms which love damp, and seem to seek 
out this environment because the humidity varies less than. 
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does that of the normal open world. Occasional caves 
which are excessively or subject to passing seasons of 
dryness, often possess a fauna few in numbers and variety. 

Light is not a decisive factor in determining the popula- 
tion of a cave. Many other considerations are of much 
greater importance: temperature, presence and degree of 
decomposition of vegetable and animal remains, constancy 
or renewal of the atmosphere, and the physical structure 
and chemical composition of the ground itself. 

Some of the troglobi w^hich love a high humidity can 
pass indifferently from land to water and back again. 'The 
writer has repeatedly seen this in different species of 
arthropods in caves in Northern Italy; for example 
Machilia, Trichoniscus, and an unidentified millipede. 
Sonietimes, too, aquatic animals are found out of the water, 
for example a flat-v/orm (planarian), and an amphipod 
crustacean called Niphargiis. This latter animal is often 



Figure 1 

found in the waters of European caves, but where the cave 
is ‘dry it digs out a Tittle hole in clay with a tiny tunnel 
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running vertically to the surface, This shaft collects the 
miiiutesr droplets of infiltrating water,, and so keeps the 
Niphargas moist, however dry the cave as a whole may be. 
If i\s cell is opened inside the dry clay, a drop of vvater is 
often found. Facts of this sort suggest that given a saturated 
atiiiospliere, some cave animals do not distinguish clearly 
between air and water, and their respiratory processes 
must function equally well in both environments. 

A problem of this kind is perhaps best studied in tlie 
laboratory in large experimental chambers in which tiic 
conditions of temperature, moisture, etc., can be controlled 
at will ; or at the special underground laboratory fitted out 
fifteen years ago in the wonderful cave of Postmiiia in 
the province of Trieste. Unfortunately this laboratory was 
damaged by the German Army during the 1939-45 war, 
and it has recently come under Yugoslav administration ; 
political unrest in the Trieste region makes its future 
uncertain. 

This brief survey has touched on only a few of the 
problems of spelfeology, but it has been enough to indicate 
that the subject has a definite contribution to make to 
geology, archaeology and pre-history, and in biology to 
the problems of Evolution and adaptation. 


Physics Front 

A. W. KASLETT . 

Atom Postscript 

A NUMBER of additions can now be made to the sun'cy 
of atomic energy given in Science News //. 0ns is the fact 
that thorium can be “transmuted” in an atomic pile into 
a new form of uranmni— U.233— wliicli like U.235 and 
plutonium is capable of being used as a “nuclear fuel”. 
This is of importance, as well as interest, because there is 
rather more tiioriura in the world than uranium; and both 
India and Brazil, the two countries which are richest in 
supplies, are eminently capable of further development. 
There is, however, one very practical distinction between 
the utilisation of thorium and that of uranium as a source 
of atomic energy. It is that, whereas processes based on 
uranium are self-contained, processes based on thorium 
need small quantities of either plutonium or U.235 to 
start them off. And these are the only two materials from 
which atom bombs have so far been made. 

A further point of interest about U.233 — the new form 
of uranium — is that it is the starting point of a new radio- 
active series, which includes a liitherto unknown form of 
radium. The three existing series are those commonly 
associated with radium, actinium and thorium respectively. 
The starting points of the first two series are U.235 and 
U.238 — the two commonest of the naturally occurring forms 
of uranium. Between them, these Three series of radio- 
active elements include the whole of the known natural 
sources of radioactivity. They were laboriously worked 
out by Lord Rutherford and Professor Soddy in Canada 
early in the present century,^atid provided the foundation 
on which all modern knowledge of the atom was built up. 
It is therefore of rather special interest, scientifically, that 
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ii fourth series should have been discovered, which is 
comparable in all respects with the other three, except that 
the radio-element from which it starts is not found in nature. 

A natural first thought would be that the new form of 
radium which is included in this series should be of use in 
medicine. This is not, unfortunately, the case. It is neither 
long enough lived to be of practical use, nor is the radiation 
which it produces comparable with that from naturai 
radium. This gap has, however, been filled by anotlier 
discovery which also has only lately been published. !t 
has been found that a jadioactive form of cobalt can be 
made, merely by exposing normal cobalt to the intense 
neutron bombardment provided in an atomic pile; and 
this cobalt produces radiation wliich is very similar in 
quality to that of radium itself. It is, in fact, of somewhat 
more uniform character and medically, therefore, will 
probably prove more satisfactory to v/ork with. Moreover, 
it can be made in quantities which could be large, compared 
with those in which radium is normally used ; and, although 
it lacks the “permanence” of radium, rather more than four 
years has to go by before the strength of its radioactivity 
falls off by half. 

The Photographic Plate in Research 
Although attention tends inevitably to be focussed on the 
release of atomic energy and its consequences, nuclear 
physicists are more interested— aside from the socinJ and 
international aspects — in fundamental research. Here, 
the main problems to be investigated are two. The first 
is to discover the nature of the forces which hold the 
nucleus of an atom together. This may seem curious when 
it has already been demonstrated that atoms can be induced 
to come part— and that on a wholly practical scale. None 
the less, it is true that, although there are ideas in plenty, 
these have not as yet been translated into any systematic 
and certain body of knowledge— or even into a single 
theory which makes sense. The second need, which tics 
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lip ivith the first, is for more knowledge about the funda” 
mental particles, already; known or predicted in physical 

research. 

For both these purposes, two main lines of research are 
available. One consists in the design and building of 
equipment in which particles can be accelerated to higher 
and still higher energies. This might be described as the 
bombardment approach. Its plans are measured in hun- 
dreds of thousands of pouiiids, and in millions of dollars 
—and, from the nature of the case, will take lime to mature. 
The other main line of research is one in which relatively 
rapid progress is already being made. It is virtually without 
cost, and consists in the use of special photograpliic plates 
as so many miniature laboratories in which nuclear changes 
can be studied. 

■ it is easiest to begin by assiuning the result. Let us 
suppose that, for reasons unknown, the nucleus of an atom 
“explodes” at a point inside the sensitive layer of a photo- 
graphic plate. As with any other explosion, a number of 
if agrnents will be produced which will fly apart, in different 
direction, and at different speeds. Being atomic particles, 
however, they will in most cases be electrically charged; 
and, as such, they will affect the photographic plate in the 
same way as would exposure to light. In other words, when 
the plate has been, developed the tracks of particles will 

} be found to have been recorded in it (see Plate 3 i). 

As a research method, this was first systematically 
developed by Dr. C. F. Powell of the University of Bristol, 
it is less easy than it sounds, because the emulsion of the 
plate shrinks during developing and fixing —thus distorting 
the tracks — and the tracks are in any case distributed in 
three dimensions. None the less. Dr. Powell was able, over 
a period of years, to v/ork out methods for recording 
accurately the lengths and directions of the original tracks, 
and for distinguishing between the different possible kinds 
of particles, 

f The principal new development has been the introduction 
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of special plates, in which the number of sensitive grains is 
greatly increased, and with the aid of these plates there 
has been a sudden outburst of research, using the methods 
which Dr. Powell earlier developed. The particular value 
of the method is that, pending the completion of the high- 
energ}' laboratory equipment already mentioned, cosmic 
radiation from outer space offers the only available source 
of particles of the highest energies for bombardment. Such 
particles are, however, comparatively few and far between, 
even at high altitudes in the earth’s atmotrphere— for 
example at a mountain-top laboratory, or during an aircraft 
flight. And the special advantage of the photographic plate 
is that it will record automatically all transmutations which 
may be produced within it during the period for wliicli it 
is exposed. During the past six months, tliis has proved 
the most useful of all available research methods, and the 
same will probably remain true also during the next year. 

Thrty Million Volt X-Rays 

Meantime, progress on what may be called the electrical 
engineering front has been by no means negligible, and is 
likely within the near future to affect hospital practice, as 
well as nuclear research. The medical application arises 
from the fact that x-rays are produced wlienever a beam 
of fast-moving electrons hits a solid target. This is the 
normal way in which x-rays are produced. What happens, 
in effect, is that the energy of movement which has been 
given to the electrons is released in the form of x-rays. It 
would be expected, therefore, that the higher the energy 
level to which the electrons are accelerated, the higher also 
will be the energy of the x-rays produced. 

The first device for accelerating electrons to energies of 
ten million volts or above was the “betatron” — a magnetic- 
ally operated “whirligig”, due to Professor D. W. Kerst 
of the University of Illinois. Later, it was suggested both 
in Russia and the United States that, by a suitable combina- 
tion of electrical and magnetic ‘forces, electrons could be 
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accelerated to still higher energies. To one sncli device the 
r.ams of “synchrotron” was given, and in autumn 1946 the 
Ministry of Supply’s Telecommunications R.esearcli Estab- 
lishment at Malvern attained the distinction of being the 
hrst laboratory in the world to make a “syrichrotron” work. 
The important point was the purely practical one that, 
with the same bulk of equipment, and the same magnet, 
they could produce electrons of twice as great energy as 
with the earlier “betatron” system of working. 

So far, the Malvern team has got up to 12 million volts 
wdth “synchrotron” working, and has designed a 30 million 
volt equipment, which is already complete except for the 
magnet. It will probably be already in operation by the 
time that these notes appear in print— and, by the sudden 
stopping of the electrons, it will produce x-rays of the same 
high voltage. 

The reason that doctors are interested is that x-rays 
produce secondary radiation within the bod 3 r. The effect 
becomes greater, as might be expected, as x-rays of higher 
energy are used ; and it means that an appreciably gieater 
dosage can be produced inside the body than at the surface. 
This is, of course, precisely what is wanted in deep x-ray 
treatment, since effective dosage can then be increased, 
without any corresponding risk of surface, burns. At 30 
million volts, it is expected that the greatest dosage will be 
at a depth of about two inches, with a comparatively slow 
falling off thereafter, and that the maximum intensity of 
radiation will be about four times that at the surface. There 
are a good many points which wdll need to be checked up, 
and for this reason a preliminary programme of physical 
and biological investigation is being carried out. The 
principle, however, appears already to have been estab- 
lished, and within the next year it may be expected that 
tlie first test installations at hospitals will already have been 
made. Affter that, it will be a question of medical research 
to decide how far up in voltage it is worth going ; and of 
engineering research to determine the most economical 
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Eietliod of producing the necessary higher-energy electrons. 
Meantime, we know already that the “synchrotron” will 
do the job. 

Cancer Yard-Stick 

Cancer research has lately provided, an interesting link 
between the methods of physics, chemistry and biology. 
Tills has taken the form of a new test by which it is suggested 
that the efficiency of any proposed cancer treatment can be 
investigated. The origin of the test lies, not in medicine 
it-self, but in the science of genetics. 

In brief, it has been known for some long period, that 
the chief vehicle for the conveyance of hereditary qualities 
from one generation to the next is provided by small 
bodies known as chromosomes, which can be made visible 
beneath the microscope within'the nucleus of every living 
cell. These chromosomes are rod-shaped bodies, which are 
characteristic in size, number and shape for every form of 
life— and it is supposed that the “genes”, the actual units 
of heredity, are located on them. The picture which has 
thus been obtained provides an explanation in general 
terms of the main facts of heredity. But it does not, in 
itself, account for the appearance of new “mutations” — of 
varieties, that is, which include qualities not directly 
derived from either parent. It was accordingly natural to 
look for possible external factors which might influence 
the normal course of heredity, by changing in some way 
either the chromosomes or the genes which they cany. 
One such agency was found in x-rays — although, under 
natural conditions, it may be cosmic radiation which docs 
the job. 

The effect of x-rays is, quite literally, to “knock the 
chromosomes about”, and to do so with such violence, 
provided the correct dosage is used, as to interfere with the 
normal process of division by which the cells of the body 
reproduce themselves and are replenished. This, in turri, 
led to an explanation of the way in which x-rays, and for 
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that matter radiation from radium, come to be effective 
in the treatment of cancer. The answer, surprisingly at 
first sight, is that there is no specific effect against cancer 
at ail The only reason that Cancer ceils suffer more, under 
x-ray bombardment, than do normal cells, is that they 
multiply at a higher rate — and it is during the division 
process that the chromosomes are most vulnerable. Tlie 
probability that a cancer cell will be “caught’’ at this stage 
— or, more accurately, at one of the stages associated with 
division~is accordingly greater than for a normal cell. 

This suggested, as a further sequel, that any other form of 
attack against cancer might operate in the same way. .It 
was guessed therefore that, from the observed effect on the 
chromosomes, the probable efficiency of any suggested 
method could be quickly gauged. The first attempts to 
apply this technique have lately been made by Pr. C. D. 
Darlington of the John Innes Horticultural Research 
Institution, and Dr. P. C. Koiler of the Cancer Hospittil 
research unit, and are thought to be quite promising. It 
should perhaps be emphasised, however, that the promise 
is as a method of investigation rather than as a treatment, 
which it is not. A number of chemical substances which 
appear to have some effect on particular fonns of cancer 
are, as it happens, under investigation at the present time. 
This is where the chemical link-up comes in. But it is 
probably more important for the future that a new yard- 
stick has been found by which progress can be measured. 

Structure of Wool 

Another example in which progress in physical science has 
affected biology is provided by the structure of wool. The 
research weapon in this case has been the electron micro- 
scope, an article on which was included in Science News 1. 
It is also quite a good illustration of the way in which 
additional evidence may lead to the scrapping of one 
scientific picture in favour of another. 

The original picture was based partly on the use of 
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x-rays to show repetitions of physical structure, and partly 
on the extent to which wool fibres expanded in water. It 
was due largely to Professor W. T. Astbury of Leeds, and 
so long as the available evidence was confined to these 
two lines of approach, it appeared both satisfying and 
satisfactory. In brief, it was thought that wool fibrils con- 
sisted of long chains composed of keratin molecules, and 
that the expansion of wool in water corresponded with 
the unfolding of these chains. 

This was the simplest possible interpretation of the facts, 
as then known, and it was generally accepted as correct 
— until the- electron microscope enabled wool fibrils to be 
directly photographed. Now. that this has been done, - 
workers under the Australian Council for Scientific and 
Industrial Research have been enabled to put forward a 
new picture which, although less simple and “pretty”, is 
more likely to be correct. 

They have found that wool fibres consist, not only of 
chain-like fibrils, but also of amorphous material which 
looks like so many loose beads thrown in a heap. In 
addition, the fibrils can be seen to be built up in sections, 
the size of wliich corresponds with that of the loose beads. 
The inference is that the basic unit is the bead, and that 
the fibrils consist of these beads, joined endv/ise together. 
It follows also that the physical theory of the stretching of 
wool, wliich had seemed so neat and cut-and-dried, will 
have to be reconsidered ; and that the concertina metaphor, 
which has so often been used to describe it, will have to 
be abandoned. What does not follow is that there was 
anytliing the matter with Professor Astbury’s earlier 
obser'S'-ation. Merely does it sometimes happen tliat a 
theory, which at the time appears the simplest, is proved 
later, and by further evidence, to be incorrect. 

Microscope Progress 

If the electron microscope is already proving its value, the 
optical microscope appears to be further from the end of 



PHYSICS FRONT 


63 


its useful, life llian some in the United States have been 
ready to suggest. Two quite different developments have 
lately been attracting attention, either of which separately 
would offer quite considerable possibilities. The first, 
which came from Germany during the vrar, was the lecli- 
iiique known as “phase contrast’' iiticroscopy. This, 
essentially, is a way of showing up the stmeture of a 
colourless material — for. example, living . tissue — without 
having to introduce artificial colour in the form of a staiii. 
The objection to staining is the obvious one that, even if 
tb.c stain does not kill the organism or cells which it is being 
used to show up, it is impossible to be sure that it does not 
affect them. And the advantage of the “phase contrast” 
method is that, apart from the illumination which is 
inevitable with any form of microscopy, one does not have 
to “do anything” to the organism in order to observe it. ' 
Incidentally, the microscope itself remains, in essentials, 
as before. The innovation is simply that a new optical 
trick has been added to its ’working. 

The same cannot be said of the reflecting microscope, as 
developed by Dr. C. W. Burch of the University of Bristol. 
Here the change which has been introduced is of a much 
more radical kind. In place of lenses, he has used a system 
of mirrors to obtain his magnification. One of his main 
reasons for doing so is that, whereas the properties of a 
lens depend on the wavelength of light with which it is 
being used, those of a mirror do not. This means that it 
should be possible, in theory, to use such a microscope with 
radiuLion wliich extends ■w^’cli into the ultra-violet region-— 
and which is of too short a wavelength for the human eye 
to bo able to see. The point here is that the shorter the 
wavelength of the radiation used, the more detail should 
it be possible to observe. . 

The hope, accordingly, is that with the type of mirror 
system introduced by Dr. Burch, it may be possible for the 
optical microscope to approach more nearly the limits 
of resolution already achieved by the electron microscope 
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Nor will this hope, if realised, be a mere dupiication. 
Y/hethei an electron beam is used, or ; extreme ultra-violet 
radiation, some effect is likely to be produced on the object 
under examination. For this reason, it would be rcassuriiig, 
at least, to have two independent methods available. 

The main difficulties are practical. In order to produce 
a high-power reflecting microscope, it is necessary to worl: 
at least one, and preferably two, mirrors to special non- 
spherical shapes. Also, as with other optical equipment, 
this must be done to the highest possible accuracy. In 
describing lately the first such microscope which he lias 
made, Dr. Burch stated that it was necessary to ‘"have a. 
great deal of patience, and preferably a little insomrJa'h 
In his second, wliich he expects to occupy him for two 
years, he proposes to “go to the limit”. He will build it 
in cqliaboration with Mr. W. J. Bates, also of Bristol 
University. 

‘‘Memory'’ in a Mercury Tube 

Although much has been published about the wonders of 
valve-operated calculating machines, it is only lately that 
the most interesting fact has been made known about the 
Automatic Computing Engine (A.C.E. for short) now 
under construction at the National Physical Laboratory, 
Teddington. This is the nature of the “memory” with 
which it is to be provided. 

The question which comes first, however, is — why a 
memory at all ? The simplest airswer is that even a vah’c- 
operated machine does its calculations by stages, like any 
other performer in arithmetic; and, unless at every point 
it “knows” what to do next, much of the value of its speed 
of working is lost.' It is much better that it should be 
“told” in advance what to do, and then left to get on witii 
the job. And that implies that it must be able to store up, 
or “remember”, the instructions given it. In addition, it 
is of obvious advantage that it should be able, \vitho-at 
stopping in its work, to keep, some recoi'd w/ithin itself of 
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intermediate answers, so that these as 'vvell as die nnal 
answer can be produced if required. Finally, if it is to “save 
itse-if trouble” by making use of any of the standard forms 
of mathematical table, it must be able, again, to store up 
and reproduce any information of this kind vridch is given 
to it. 

The form of A.C.E.’s “memory” is dictated by its 'vorking 
treatment of numbers. These are represented, in a simple 
code system, by the presence or absence of electrical pulses 
at prescribed intervals of time, roughly every niiilionth of a 
second. Anything which the machine has to “remember'’ 
will take the same form — a series of pulses, punctuated by 
“not-piilses”, at regular intervals. Since electrical changes 
travel, in any normal circuit, at speeds of the same order 
as that of light, the first requirement is clearly to find some j 
way of slowing up their progress, and at the same time 
perpetuating the particular pattern of pulses which is to be ■ 
preserved. This is done by providing a sort of endless 
chain circuit in one leg of which a delay in. transmission 
is deliberately introduced. The delay-leg consists of a tube, 
about five feet long, which is filled with mercury, and down 
which the sequence of pulses is sent in the form of aiechan- 
# ical vibrations. Translation into this new form is achieved 
by a piezo-electric crystal, such as is used to provide the 
pick-up unit of a radiogram. 

This, however, is only one leg of the memory circuit. At 
the far end of the mercury tube, a second crystal translates 
the pulses back again into electrical form. By this tijne, 
they are getting slightly distorted, although still identifiable 
as pulses or not-pulses, which is all that is required. They 
next pass to a “wnsh-and-bnish-up” unit. Mere they are 
inspected and identified, and passed out again in standard 
and correct shape to re-enter the mercury tube at the 
original end. In this way. the pulse pattern can be kept 
circulating for as long as may be necessary, without any 
cumulative change either in strength or shape. The elec- 
trical part of the roundabout is covered practically 
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\^ariation in the strength of .gravity, when lie is moved from 
one position to another over the sea bed. Ordinary diving 
bells Iiai'e also been used for the same type of measurement, 
ai though these are naturally much more limited as to 
depth of operation. 

The remaining method, like the gravity survey, is already 
well tried in normal land prospecting. This is the seismic 
survey, in which an explosion is used to initiate mhiiature 
earthquake waves. Seismographs, similar to those used 
in earthquake recording, are then employed to record the 
travel of the waves produced, which vary according to the 
local, geolog}^ In comparatively shallow water, the seismo- 
graphs are lowered in water-proof casings to the seabed, 
and the “shot-hole” is cased from above the level of high 
tide to a sufficient depth to prevent leakage of sea water. 
Difficulties obviously increase with the depth. It is con- 
sidered, however, that useful information can be obtained 
out to the hundred fathoms line, which is generally taken 
as marking the edge of the continental shelf. 

Apart from submarine prospecting, it can be taken, for 
granted that the magnetic method of air survey ’will be 
widely used in future, both over Antarctica and other 
regions which have so far been inadequately surveyed for 
minerals. It should perhaps be pointed out, however, that 
whatever method of survey is used, interpretation will 
always remain difficult, in the absence of fairly complete 
geological information— and that can only mean test 
drilling. 

. Another substantial improvement in geophysical pros- 
pecting has been in the ease and speed with which gra,vity 
readings of the highest accuracy can now be taken. The 
time needed for a single observation has been reduced from 
five hours to, literally, a minute, and the weight of the 
equipment necessary from more than two hundred pounds 
to less than fifty. Recent oil prospecting in Great Britain 
has been greatly speeded up as a result, and these advantages 
1-1 orrpijifftr value in difficult coimtrv. 
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Radio Lens Problem 

An unusual problem has been presented to pliysicists by 
a form of radio transmitting aerial wiiicli was developed 
by the Admiralty Experimental Establishments during the 
war, but only lately shown in public. This particular set 
was designed for operation on 3.2 centiinetres, and one of 
its objects was to look as' little like a radio transmitter as 
possible. Removed from its box, the compiets aerial 
assembly lias the appearance of the side lamp of a car. And, 
in fact, the funnel part of the “lamp” turned out to be the 
mouthpiece out of wliich the waves were literally being 
poured. What was unusual, for a radio aerial, was that 
the “lamp” was fitted with a lens, made of polystyrene, a 
plastic material which has been widely used as an insulator. 
Even this would not perhaps 'have attracted much comment ' 
in these days, but for the fact that the diameter of this 
lens was no more than about 6 centimetres — the equivalent 
of about two wavelengths, on the frequency at which the 
transmitter had been operated. The oddity will be obvious 
to any physicist. According to all the rules, a lens should 
not act as such, unless its dimensions are large compared 
with the wavelength it is to refract. 

None the less, say the Admiralty scientists, this par- 
ticular lens really does behave as a lens should if of larger 
size ; and the radio waves from the lamp really are beamed, 
as light waves w'oiLld be, if they had been similarly focussed. 
The point is not, admittedly, of any major importance. It 
is none the less illuminating, in this age of the higher 
physics, that competent research men should find difficulty 
in explaining the working of so comparatively simple a 
piece of equipment. 

Having said so much, it should perhaps be added that 
various other types of unorthodox aerial have been success- 
fully explained. The one which was most used in practice 
was a tapered polystyrene rod about ten inches long (eight 
wavelengths). This produces as directional a beam as would 
quite an elaborate array of normal types— and the radiation 
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The soil is largely composed of mineral materials, organic 
matter, air and water. The particles of mineral matter 
differ greatly in size, from those that are coarse, such as 
gravel and sand, to those that are in a fine state of division 
such as silt and clay. The organic matter is variable in 
constitution, as it represents all stages of biological break- 
down of plant material and ail the products of metabolism 
and autolysis, due to soil organisms. This organic matter 
plays a fundamental part in developing the crumb structure 
of soil so important to soil fertility. The crumbs of soil 
exhibit pore spaces varying greatly in dimensions and 
occupied largely by water and air. Water is held in these 
pore spaces, and in the films of water at the soil-crumb 
siirfeces biochemical changes of great importance to plant 
growth are continually taking place. These changes are 
influenced by the access of oxygen to the water films ; if the 
access of oxygen is poor, as for example in waterlogged 
conditions, anaerobic changes occur whose biochemical 
characters are very different from those obtaining where 
oxygen access is unimpeded. The farmer refers to soils as 
varying in “tilth”, a good “tilth” being defined as the 
optimum physical state for crop production. An example 
of a soil in good tilth is the black prairie soO of which the 
larger proportion is made up of gi'anuies from one to three 
millimetres in diameter. Such granules are stabilised by 
a coating of waxy organic matter. The soil has a high 
proportion of large pores and is readily permeable to air 
and water. Soil fertility is very much dependent on soil 
structure, for clearly plant roots, in order to develop most 
favourably, must have ready access to oxygen, water and 
other nutrients. The chemist has been greatly concerned 
with determilfing the availability in soils of essential plant 
nutrients such as compounds of nitrogen and phosphorus or 
of potassium ions and ions of many metals, which are partly 
held in combination by the mineral matter (especially the 
clay) of soil and partly- by organic matter, which however 
is contiiiuailv alleriiie its character bv decomposition. If 
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the soil is deiicieat in these nutrients, they rnust be supplied to 
ensure good crop production ; or if through some, character 
of the soil, nutrients are present but are not available to the 
plant, means must be found to make them available. 

The microbiologist has been largely concerned with 
discovering the various types of organisms which exist in 
soil and the types of chemical changes which they bring 
about. These changes vary very greatly, for they involve 
the very important processes of transformation of the free 
nitrogen of the air into substances which nourish both 
microbe and plant and ultimately therefore all aniinal life; 
they involve processes affecting the states of combination of 
phosphorus and sulphur in soil and the manner in which 
iron or manganese or oxygen or carbon dioxide may take 
part in chemical reactions which influence the developments 
of micro-organisms and plants. 

The study of the chemistry of all such changes accom- 
plished by Wological means under the conditions prevailing 
in soil forms the subject of soil biochemistry. The writer 
proposes in the ensuing brief article to examine a few 
aspects of, and some recent results obtained by investiga- 
tions in, soil biochemistry. 

General considerations 

Soil may be considered from at least the two following 
points of view : 

(1) It may be thought of pre-eminently as a medium for 
the growth of crops, all processes talcing place Within it 
being judged primarily from their importance in. iniliiencing 
crop production. 

(2) .It may be thought of as a complex biological system 
in which hosts of organisms are competing with each other, 
often for a limited supply of food. They exercise profound 
effects on each other’s development and chemical activities, 
and establish between themselves a balance which is forever 
changing with every change in the physical and chemical 
environment of the soil. In such an eaiiillbrinm. the olant 
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plays an important part. The root cells form part cf the 
complex cell system of the soil and the development of the 
plant becomes a function of the equilibrium condilion set 
up in the soil. 

This second point of view, in fact, embraces the first, Imt 
allows for a wider and more fundamental scope of investiga- 
tion. The soil is studied, for its own sake, as a bioiogical 
whole. Its metabolic events, under defined experinierual 
conditions, may be investigated in a manner similar to tliose 
of any other complex system of cells, such as are presented 
by isolated animal and plant tissues. Progress in agri- 
cultural chemistry within -the last hundred years has been 
due in the first place to the development of methods for 
determining the composition of plants and of soils, and in 
the second place to the recognition that soil micro-organisms 
are responsible for a great variety of highly important 
chemical processes taking place in the soil. 

Liebig’s views, faulty as some of them were, gave a great 
stimulus to soil investigation. They ^vere based upon 
analytical studies and directly led to the work of Lawes anrl 
Gilbert at Rothamsted, which formed the foundation of the 
great fertiliser industries of to-day. Liebig’s greatest 
handicap, however, was the fact that soil microbiology had 
not yet made its contribution to agricultural chemistry. 
The demonstration by Hellriegel and Wilfarth in 1886 that 
bacteria in soil infect legumes (plants of the bean, pea, 
clover family) forming nodules which, on the roots of the 
plant, are capable of fixing nitrogen,* followed seven, years 
later by Winogradsky’s discovery of a soil organism wiiich 
can fix nitrogen independently of the plant, served to focus 
attention on soil micro-organisms as essential factors in 
soil chemistry. 

The chemical aspects of soil microbiology have assumed 
increasing importance as the factors contributing to crop 

_ That is,_ of converting the inert nitrogen gas of the atmosphere 
mto ammonia and nitrates, valuable fertiliser salts for the soil, and 
foodstuffs for the plant. , , . 
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production have been unravelled. II: is no exaggeration to 
state that there is now no aspect of soil microbiology without 
its bearing on the chemistry of the soil. This may be seen 
not’ only ill the transformations that nitrogen •undergoes in 
soil, but also in the changes that affect other elements 
essential to plant life : sulphur, phosphorus, iron or 
manganese. The breakdown of organic matter so essential 
for the development of the tilth or structure of a soil, the 
varied organic transformations that convert a chaos of 
complex materials in the soil into something rather less 
complicated, the production of carbon dioxide — which plays 
its vital part not only in the chemistry and physics of soil 
but in restoring to the atmosphere the carbon essential for 
plant life — all these are the direct results of biological 
processes in the soil. The bacteria, in view of their great 
preponderance in numbers and of their known great 
chemical activities, are held responsible for many of the 
biochemical changes taking place in the soil. In the trans- 
formation of organic matter, fungi also have activities which 
may, under certain conditions, exceed those of the bacteria. 

The last twenty years have seen a great development in 
our knowledge of the biochemistry of bacteria and fungi. 
The isolation and investigation of these organisms in pure 
culture have not only resulted in increased knowledge of 
their specific chemical activities, but have also led to 
discoveries that® have rapidly advanced fundamental Isio- 
chemical knowledge. The studies of the processes of 
fermentation and of oxidative changes in yeasts and in 
bacteria have given a new insight into the mechanisms of 
breakdown of organic substances in the living cell, have 
thrown light on the mode of enzyme action a-nd Imve led to 
the discovery' of the parts played by a variety of vitamins in 
metabolic processes. Studies of soil bacteria and fungi 
have resulted in the preparation from them of substances 
whose antibiotic effects are of immense importance in 
medical therapy, . 

How do these results, obtained in pure culture and under 
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defined experimental conditions, important as they are in 
their fiindamentaJ. character, help in the elucidation of 
processes taking place in soil ? 

The soil has an extensive microbiological population, 
made up of great numbers of species of bacteria and of 
genera of fungi, actinomycetes and algae as well as of 
numerous families of protozoa, nematodes and other 
invertebrates. Some of the soil organisms have relatively 
specific effects as in the fixation of nitrogen and the con- 
version of ammonia into nitrite, or of nitrite into nitrate, 
but frequently a large variety of organisms can attack a 
single substance. Thus the decomposition of cellulose can 
be brought about by many kinds of bacteria, having many 
different morphological and physiological characteristics, 
by fungi belonging to widely different genera and by many 
actinomycetes and other organisms. Proteins and fats may 
be attacked by complex soil populations. The manner of 
breakdown by isolated organisms in pure or even in mixed 
cultures of proteins, carbohydrates or fats may be followed 
in detail, but there can be no assurance that the same mode 
of breakdown occurs under soil conditions until experiments 
with soil have actually shown this to be so. The environ- 
mental conditions in soil are altogether different from those 
in the media in which metabolic studies of micro-organisms 
are usually studied. 

Some conception of the enormous population of micro- 
organisms in soil is provided by the fact that there may be 
as many as 5,000,000,000 bacteria per gram of soil This 
corresponds to a weight of over four tons of bacterial 
substances per acre of soil. The numbers of bacteria 
fluctuate very greatly, depending on availability of food 
supply, moisture, aeration conditions, temperature, hydro- 
gen ion concentration of the soil and other factors. Direct 
counts under the microscope made by Conn in 1918 gave 
numbers of bacteria of the order of 250x101 Another 
method gave counts ranging from 1,280 x 10® to 2,160x 10®. 
Gray and Thornton improved the technique of bacterial 
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counts and obtained direct counts of the order of 4.000 x iO* 
bacteria in ' a gram of manured arable soil. Such figures 
\\cre over a hundred times those obtained by the plating 
teclinique. Protozoa may reach figures of the order of 

1.000. 000 per gram of soil (amoebae 280,000, fiagdlates 

770.000, ciliates 1,000, estimated on a neutral maniired 
arable soil at Rothamsted). Algae may exceed 100,000 
per gram of soil. Actinomj'cetes and fungi, both of which 
are difficult to estimate, may have a combined weight in the 
soil equal to that of the bacteria. According to Waksman 
and Starkey the numbers of actihomycetes range from a 
few thousands to many millions per gram of soil, whilst 
fungi may reach over 100,000 per gram. 

In such a complex microbiological population there must 
exist numerous as yet unknown chemical interrelationships 
affecting metabolic behaviour and cell proliferation. Sym- 
biotic associations take place and antibiotic developments 
occur. Growth factors and cell poisons are elaborated 
There is a constant disintegration of cells and a constant 
growth of new cells greatly influenced by, and possibly 
dependent upon, the breakdown products of the old. Cell 
adaptation occurs and the enzymic equipment of ceils 
undergoes change in response to changes in their environ- 
ment. The study of an individual species of organism 
remote from its normal environment in the soil can do no 
more than indicate its possible metabolic behaviour in the 
complicated biological system presented by soil. To the 
study of the biochemistry of soil ua’ a whole wo must 
ultimately turn for our data on its metabolic events. 

Nitrogen Metabolism in Soil 
Nitrogen Fixation 

Let us now consider some aspects of nitrogen metabolism 
in soil. Boiissingauit’s early experiments in 1837 made it 
clear"' that fixation of atmospheric nitrogen takes place 
during the development of legumes such as clover, peas, 
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and lucerne, whereas these fixations do not occur during 
growtJi of other crops, such as wheat. Liebig (1843, 1852), 
opposed to the view that free nitrogen of the air is assimi- 
lated by the plant, considered that atmospheric aiiimocia 
is primarily involved. Viile'(1885) showed that this caimot 
be so. The classical work of Hellriegel and Wilfarth in 1886 
cleared up a complicated situation. They showed that soil 
bacteria infect legumes, forming nodules which enable the 
plant to use atmospheric nitrogen. These bacteria, knowii 
as Rhizobia, were isolated in pure culture by Beijerinck. 
They were thought at first to be capable of fixing free 
nitrogen in the absence of the plant, but later work disproved 
this. Since there is no evidence that the host plant, in the 
absence of the rhizobia, can fix atmospheric nitrogen, it 
follows that some chemical interchange between the plant 
and the bacteria must take place in vivo and be largely 
responsible for nitrogen fixation. The excised nodules do 
not themselves take up nitrogen and the chemical associa- 
tion between nodule bacteria and plant, which results in 
nitrogen fixation, is unknown. 

Much, however, is known of the biological aspects of 
tliis symbiosis or association between rliizobia and host 
plant. Details of these aspects are outside the scope of this 
article, but one important fact proper to the study of soil 
metabolism should be mentioned. When the seed of a 
legume geiininates in a soil containing rhizobia, the latter 
are attracted to the region of the developing root hairs. 
There, a product of the metabolism of the rhizobia produces 
a deformation or “curling” of the root hairs. Such 
ciuiing is induced by a specific chemical substance, for 
extracts of the bacteria are as effective as the living cells 
themselves. At the site of the deformation of the root hair 
the rhizobia invade the root tissue and proliferate, stimu- 
lating cell division in the neighbouring plant cells, and a 
nodule is formed. 

There is evidence that the deformation of the root hair, 
essential as a prehminary to the invasion of the rhizobia, is 
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accomplished by indole-acetic acid, a common metabolic 
product of bacteria. It is known that indole-acetic acid 
and leiated plant “hormones” iiave but a transitory exist- 
ence in soil, owing presumably to speedy decomposition by 
other bacteria. It follows therefore that metabolic con- 
ditions in. the soil in the near neighbourhood of the germin- 
ating legume must be such as to enable a sulliciently high 
concentration of indole-acetic acid to accumulate to bring 
about the curling response in the root hairs. Though such 
a concentration may be small— -of the order of one part in 
iOOjOOOjOOO — a relatively high rate of production may be 
necessary to counteract the local destructive forces at work. 

It is known too that indole-acetic acid at low concentrations 
may be toxic to seed germination and that tiypthopane in 
presence of soil bacteria will induce such toxicity. Thus 
metabolic conditions in soil will greatly inSuence seed 
germination. 

Let us turn now to non-s 3 rmbiotic nitrogen fixation. 
Winogradsky in 1893 found that an anaerobic soil organism, 
Clostridium pastorianum, will fix free nitrogen when supplied 
with the sugar glucose, the amount of nitrogen fixed being 
proportional to the amount of glucose broken down. The 
fixation of nitrogen is inhibited by the presence of 
ammonium salts and this inhibition may be counteracted 
by an increase in the glucose concentration. Thus the 
ratio of carbohydrate to combined nitrogen determines the 
rate of fixation of nitrogen. An interesting feature of this 
organism is that it loses its power of nitrogen fixation 
during prolonged cultivation on artificial media, .but the 
power is restored by culture of the organism once again in 
soil. Tlie soil factor responsible for the renewed ability 
of to fix lutrogen is unknown. 

Beijerinck in 1901 isolated from soil tuid mud two 
aerobic organisms capable, of fixing atmospheric nitrogen. 
They are Azotohacter ehroococcum (the more common 
form) and Azotohacter agilis (the motile variety). Unlike 
Clostridium, Azotohacter does not lose its power of fixing 



nitrogen on prolonged culture on synthetic laboratory 
media, A striking fact concerning Azoiobacter is that it 
requires for its metabolism the presence of traces of moiyb- 
denuin or vanadium. A positive effect of Mo on the grovv'tli 
of the organism can be observed at a concentration of 1-3 
parts in 10®. Burk and Horner have found that molyb- 
denum is not only required for the assimilation of free 
nitrogen, but is also necessary for the utilisation of coin- 
bined nitrogen (in the form of asparagine or nitrate) by this 
organism. Tungsten will to some extent replace molyb- 
denum. A^zotobacter miA Clostridium apparently the 
most v/idely distributed aoii-symbiotic nitrogen-fixers in 
soil, and they are found also in salt and fresh water, often in 
association with algae. 

hi arid soils relatively poor in organic matter, micro- 
organisms form more than their usual proportion (about 
5 per cent) of the organic matter, and this is chiefly due to 
the marked development of Azotobacter under the alkaline 
or saline conditions of such soils. It is stated that in the 
chestnut soils of south-east Russia, where almost the whole 
of the organic matter is in the form of micro-organisms, 
there are up to 900,000,000 Azotobacter cells per gram of 
soil. 

The most important single factor influencing nitrogen 
fixation in soils is the presence of nitrate. Both with 
Clostridium and Azotobacter the presence of iitilisable 
combined nitrogen diminishes the rate of nitrogen fixation, 
ammonium or nitrate being effective in this way. Inhibition 
of fixation by Azotobacter is complete in the presence of 
ammonium nitrogen at a concentration of 0.5 mg. N per 
100 ml. The presence of nitrate or of ammonium salts in 
the soil also makes legumes resistant to attack by Rliizobia, 
fewer root hairs and nodules being formed. The net result 
is that, when excess combined nitrogen is available in the 
soil, little or no fixation of atmospheric nitrogen takes 
place. The presence of carbohydrates diminishes the effect 
due to the combined nitrogen. 


BIOGHEMTCAL ASPECTS OF SOIL Si 

Various factors iu soil influence nitrogen fixation, amongst 
wMcii may be mentioned moisture, hydrogen ion concentra- 
tion, aeration, soil structure, temperature, and the addition 
of fertiliser salts (e.g. phosphates and calcium). Humus 
lias a beneficial effect on growth, possibly 

owing to the iron contained in it, though traces of molyb- 
denum present may he a responsible factor. 

It has to be remembered that in soil there is an abimdant 
flora of bacteria and fungi, other than the nitrogen-fixers ; 
they will compete for the carbohydrates, which are the main 
sources of energy for Azotobacter and Clostridiimu It 
has been estimated that, associated with the decomposition 
of 100 parts of available organic matter free from nitrogen, 
there may be fixed by the non-symbiotic bacteria about one 
part of nitrogen. This works out at only about eight 
pounds of nitrogen fixed per acre of soil receiving a liberal 
application of plant residues per year, though it has been 
stated that as much as 40 lb. of nitrogen per acre may 
become added to some soils annually as a result of the 
activities of the non-symbiotic nitrogen-fixers. 

Ammonia Formation 

It is known that the nitrogen compounds in plant residues 
are broken down in soil to form ammonia so long as the 
ratio of carbon to nitrogen in the organic matter does not 
greatly exceed 10. Proteins and other nitrogenous com- ,, 
pounds are broken down in soil by a variety of organisms, 
the ultimate nitrogenous end-product being ammonia. 
Whether the ammonia appears or not depends on the rate 
of proliferation of other organisms in the soil requiring 
the ammonia nitrogen for their own synthetic operations. 

If there is ample utilisable non-nitrogenous material, such 
as carbohydrates, present, the ammonia nitrogen wifi not 
appear, as it is entirely used for building up fresh bacterial 
or fungal matter. Proteins being rich in nitrogen yield 
ammonia in relatively large amounts. The production of 
ammonia in soil was long attributed to the large sporing 
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groups B. mycoides and B. subtilis. It is now known that 
noii-sporing organisms of th& Ps. Jiuorescens group are 
active ammonia formers. 

It is evident that many organisms may be invoived la 
ammonia formation, the mechanism of which in most 
instances is unknown. If the proteins are broken down to 
amino-acids, these may yield ammonia by the action of 
oxidase enzymes in the organisms, increasing knowledge of 
which is now being derived from the study of animal tissues. 
Little is known, however, of the modes of breakdown of 
nitrogenous organic matter in soil and there is here an 
interesting and fruitful line of investigation. 

Nitrification 

This important metabolic process of soil whereby 
ammonia and organic nitrogenous material are converted 
finally to nitrate was shown by Schloessing and Muntz, 
from a study of the purification of sewage water by land 
filters, to be a biological process. Warington showed that 
soil nitrification is inhibited by application of chloroform 
and carbon disulphide and described two sets of organisms 
apparently involved in the process, one which converted 
ammonia to nitrite and the other nitrite to nitrate. In 1890 
Winogradsky isolated the responsible organisms. Warington 
•made it clear that the final fate of nitrogen in the soil is the 
production of nitrate, which thereby becomes the main 
source of nitrogen for the plant. Progress since the end of 
last century has been extraordinarily slow. Stevens and 
Withers in 1910 showed that nitrification in the soil differs 
in at least one important aspect from that in the artificial 
media first elaborated by Winogradsky. They demon- 
strated that nitrification in soil is inhibited far less by the 
presence of added organic matter than in laboratory media. 
They had already shown that nitrification of cotton-seed 
meal aad of aminonium sulphate is more rapid under soil 
conditions than in culture media. In 1915 Allen and 
Bonazzi showed that soil, even ignited soil, is superior to 
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sand in supporting nitrification, and a number of workers 
(Albrecht and McCalla, Conn, and Conn and. ZoBeil) claim 
that the presence of colloids: in culture media influences 
bacterialbehaviour. 

Meyerhof’s extensive studies on the metabolism of 
Nitrosomoms md Nitrobacter, the organisms respectively 
responsible for the conversion of ammonia to nitrite and 
of nitrite to nitrate, have thrown much light on their 
behaviour in artificial media. Ignorance, however, of the 
details of nitrification processes in soil is largely due to the 
dearth of suitable experimental work on the soil itself. 
There is an immense literature on field and pot experiments 
showing the nature of the end products after application, of 
organic nitrogenous matter. This work is of high practical 
importance, but it helps little towards elucidating the 
mechanism of nitrification in soil. Attempts have been 
made to correlate soil nitrification with soil fertility, but 
the general relations between the results obtained wth 
culture media and those obtained with soil are obscure. 
Albrecht and McCalla state that “the complexity of sand, 
silt and clay mixture as soil prohibits an accuracy great 
enough to encompass all the various chemical aspects of so 
delicate a process as nitrification.” 

It has long been apparent that there is need for a quanti- 
tative study of nitrification processes in soil, and indeed 
there is need for a detailed study of all metabolic processes 
known to proceed in soil, under the conditions actually 
obtaining there. 

For an accurate study of such metabolic events it is 
essential to have an apparatus which wBl ensure standardisa- 
tion of soilconditionsandthereforereproducibility of results. 
Many observations have shown how difficult it i.s to secure 
reproducibility of results without the most careful control 
of conditions. There are difficulties due to the hetero- 
geneity of the soil, to variations in the water content, to 
variations in oxygen penetration in various parts of the soil, 
to alterations due to its handling for analytical purposes. 



A freiiii niethod of approach lias been made by Lees and 
tlie writer by devising an apparatus whereby a column of 
soil (in Uie form of .sieved air-dried crumbs) is perfosed 
vvith oxygenated, or aerated, fluid by a circulatoiy techrdque. 
This enables the same soil solution to percolate tliroiigli the 
soil for an irxdefinite period. The underlying idea is to 
treat the soil as though it were an intact organ and to 
perfase rluid through it as though it were an isolated living 
heart or kidney in the preparations familiar to the physio- 
logist. The soil perfusate is adequately mixed and aerated 
and tlie perfusion is intermittent, so that waterlogging of the 
soil does not take place. The process is continuous and 
may be maintained for an indefinite period. The substance 
whose metabolism in the soil is being investigated is dis- 
solved in the perfusion fluid, or mixed with the column of 
soil. 

This technique for investigating soil metabolism has many 
advantages including the following: — 

(1) The water content of the soil is kept constant and 
the water is homogeneously distributed in the soil through- 
out the entire experiment. 

(2) Maximal aeration of the soil is effected. 

(3) The soil itself is not handled in any way during the 
experiment, analysis being confined to the constituents of 
the perfusate. The soil may be examined after any arbitrary 
time for analysis of ions adsorbed onto the soil. 

(4) Substances such as biological poisons or inhibitors 
can be added to the soil solution during the course of an 
experiment and at any period corresponding to a known 
metabolic activity of the soil. 

(5) Gases entering the apparatus can be controlled; 
metabolic events in atmospheres of oxygen, or nitrogen, or 
carbon dioxide or mixtures of these gases may be studied. 

(6) The soil solution can.be replaced, at any given time 
by the solution of any metabolite of which the transforma- 
tions are the subject of study. 

The velocities of metabolic events in the soil may be 
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accurately studied by this technique. Tlie soil is, ivi fact, 
tretited us a biological nhole, every efl'ort being inade lo 
ensure constancy of the environment in which tlie soil is 
e;‘;oicisiug its metabolic fimctions. 

Using 'dhs apparatus it was easy for us to show ihai; the 
transformation of ammonia into nitrate is bioiogicul. Tins 
was indicated from the speed of the transformation, which 
followed the logarithmic “auto-catalytic” cur\-e typical of 
bacterial growth, and from the effects of biological poisons. 

Further experiments gave rise to the conclusion that the 
rate of nitrification of a given quantity of ammonium 
sulphate is a function of the degree to which the aramoimini 
ions are adsorbed onto or combined in tlie soil, on its 
base-exchange compiexeSoh.The greater the amount of 
adsorption, the faster was the nitrification. This was shown 
by comparing the rates of nitrification of soils having 
different amounts of ammonia adsorbed upon them. The 
only tenable explanation of the results was that the adsorbed 
ammonium ions are those which are preferentially nitrified 
by the soil organisms. This led to the prediction that the , 
addition of sterile soils to a nitrifying soil would increase its 
rate of nitrification in proportion to the base-exchange 
capacities of the added soils ; this prediction was verified. . 

The interpretation of these results is that the nitrifying 
bacteria grow on the surface of, the soil crumbs at the 
sites v/here ammonia is held in base-exchange combinations, 
and proliferate at the expense of such adsorbed ammonium 
cations. The rate of proliferation is proportional, there- 
fore, to the area of soil surface on which ammonium ions 
are adsorbed or combined and is thus a function of the 
base-exchange capacity of the soil. 

The fact that proliferation of the nitrifying organism 
takes place only at those specific sites of the soil surface 
where ammonium ions are adsorbed leads to the conciusion 
that when all these sites of the surface have been, occupied, 
further growth of the organisms will not occur except to re- 
place cells which have died and disintegrated. Remarkablv 
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few living nkrifying cells . enter into the soil solution,. 
This leads to the conception of a bacteria-saturated soil ; 
that is to say a soil where the area of growth is limited and 
cannot be extended owing to full occupancy of available 
sites for proliferation. Such a soil should break down 
substrates, used only by the organisms which enrich the 
soil, at constant rates, and should not show the familiar 
logarithmic course of metabolism which obtain^ during 
proliferation. A bacteria-saturated soil has many of the 
properties of a biological catalyst. It decomposes a sub- 
strate at a constant rate which shows no initial lag period, 
until the amount of substrate falls below a certain concentra- 
tion, after which further decomposition seems to follow the 
unimolecular law. 

A very important use may be made of bacteria-saturated 
soils. They may be made to yield information as to whether 
any given substance is broken down by the cells which 
saturate the soil. For example it may be asked whether 
methylamine winch is quickly nitrified by soil organisms 
is converted into nitrate by nitrifying organisms alone or 
whether additional organisms are required for a prelimin- 
ary attack oh the methylamine. To answer this question 
a soil is prepared which is saturated with the bacteria 
which convert ammonium ions into nitrate. With such a 
soil nitrate formation is perfectly regular and steady in 
time. This bacteria-enriched soil is now washed with water 
to free it from nitrates and it is perfused with methylamine. 
If the nitrifying bacteria themselves convert methylamine 
into nitrate the rate of conversion will be constant with 
no initial delay period. If they cannot bring about this 
conversion and if another set of organisms must develop 
prior to nitrification, there will take place an initial lag 
period followed by the familiar logarithmic increasingly 
speedy course of nitrification. The experiment proves 
conclusively that, in the soil, nitrifying organisms cannot 
themselves convert methylamine into nitrate. This tech- 
nique is now being used for exploring the abilities of 
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jiitrifyiiig orgaixisms to break down a variety of nitrogenous 
substances. ■ 

Attention may now be given to the remarkable bacterio- 
static''' effects of potassium chlorate on. the orgamsms that 
convert nitrites into nitrates. Quite small concentration 
of potassium or sodium chlorate {e.g., MilQ'% or about 
1 in ten thousand), have the power of preventing the develop- 
ment of Nitrobacter^ whilst that of Nitrosomonas proceeds 
undiminished. The result is that when nitrogenous .sub- 
stances are nitrified in soil in the presence^of small quantities 
of chlorates, nitrites but not nitrates accumulate. 

Potassium chlorate acts as a typical bacteriostatic sub- 
stance. This may be shown by adding it to a soil already 
enriched with nitrite-o.xidising ^organisms. The presence 
of chlorate does not poison, or interfere with, the oxidation 
of nitrite to nitrate. With a kacteria-enriched soil the con- 
version of nitrite into nitrate proceeds at a constant rate 
uninfluenced by concentrations of chlorate which inhibit 
proliferation of the organisms involved. Further investiga- 
tion of the phenomenon of chlorate bacteriostasis indicates 
that chlorate has the effect of greatly increasing the initial 
delay period shown by Nitrobacter in the course of its 
proliferation. Ultimately even in the presence of chlorates, 
so long as these are not in too high a concentration, nitrite 
is attacked and oxidised. Further work has revealed the 
fact that chlorate bacteriostasis may be neutralised by the 
actual presence of nitrates, which appear to act in a specific 
manner. Explanations for these phenomena are still lacking. 

Manganese Metabolism 

Let us now consider an entirely different aspect of soil 
metabolism. It is known that in addition to iritrogen, 
phosphorus, sulphur, calcium, magnesium, potassium and 
iron, which the plant must obtain from the soil, the elements 
manganese, copper, boron, and zinc arc also necessary for 

* Le., it prevents the organisms from midtipiying, but does not 
kill them. 
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healthy plant growth and even ' such elements as cobalt, 
molybdenum, tungsten, vanadium and selenium are reputed 
to have beneficial effects on certain species of plants. The 
amounts of some of these elements required for the healthy 
niUrition of the plant may be exceedingly small One part 
of boron in twelve millions in a nutrient solution in wliich 
beans are grown will suffice to maintain them in good 
health. A concentration of one part of molybdenum in a 
hundred millions in a nutrient solution will ensure vigorous 
growth to the tomato plant. Deficiencies of these sub- 
stances, as well as of major elements such as nitrogen, 
phosphorus or potash, lead to a great variety of plant 
diseases. 

Now it does, not follow that if an essential element is 
present in the soil it is necessarily available to the plant. 

Manganese is essential for healthy plant life. Its deficiency 
in soil (and soils rich in organic matter and lime are prone 
to this deficiency), leads to plant diseases such as grey 
speck of oats or marsh spot of peas. Its deficiency may 
cause a substantial reduction in the yield of a potato crop 
or complete failure of an oat crop. But many of these 
deficient soils — as diagnosed by inspection and analysis of 
the crop — often contain relatively large quantities of man- 
ganese. Thus it is apparent that manganese exists in the 
soil in at least two forms, of which only one is available 
for the plant. So far as is known it is only the base exchange- 
able manganese — manganese cations,* most probably 
wholly in the bivalent form— wliich is available for the 
plant. Manganese dioxide clearly is not available for a 
plant, for tliis substance is known often to be present in 
“manganese deficient” soils. 

The question now arises as to why certain soils containing 
ample quantities of manganese are “manganese deficient” 

* Manganese atoms exist in solution as electrically charged par- 
ticles, each carrying two units of positive charge (bivalent), Mn+H-, 
or three Mn+-i- + , or even four Mn+ + + H-. Increase of the positive 
charge is termed an oxidation. 
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and why other soils containing niuch less manganese are 
“manganese available’*. This question is iiitinrately con- 
nected ’.vith the metabolic transformations which inangaaese 
■undergoes in soil. 

it has been shown by Mann and the writer that when 
manganous (Mn'^+) sulphate is perfused through soil, 
oxidation of the manganese takes place, This oxidation in 
neutral or slightly alkaline soils {pH 6.0 - 7.9) is almost 
entirely accomplished by the micro-organisms present. 
This is shoum by the following facts ; — 

{a) The rate of oxidation of manganese in soU at 70"F. 
follows the logarithmic or autocatalytic course expected 
if proliferating organisms are responsible for the oxidation. 

(b) The rate of oxidation in soil is greatest at a certain 
concentration of the manganese, above which the rate falls- 

(c) Floating a soil for two hours at SO^C. or one hour at 
lOO^’C. eliminates its capacity to oxidise manganese. 

(d) A number of biological poisons retard manganese 
oxidation. 

It is possible in fact to discriminate between biological 
and non-biologicai oxidation of manganese in soils by 
means of a biological poison such as sodium azide, which 
does not affect the purely chemical oxidation. Non- 
biological oxidations of manganese take place to a marked 
extent only in alkaline soils such as those that have been 
highly limed. It is well known that soil contains organisms 
capable of oxidising bivalent manganese. This has been 
shown by Beijerinck, Gerretsen and Nachlan, hut it was 
not known, until the present work was carried out, ho\v 
far manganese oxidation in soil is accomplished by micro- 
organisms. The usual view in the past has been that man- 
banese largely undergoes autoxidation in the soil ; that is, 
that it changes spontaneously in the presence of air. 

Not only is bivalent manganese oxidised to states of 
higher valency by soil micro-organisms, but similar agencies 
are partly responsible for the reduction of ter-and quadri- 
valent manganese to the bivalent form. 



Many substances to be found in soil v/ill reduce mangan" 
ese dioxide, for example, polyphenols and snlpbydryl 
compounds and ferrous ions. But living cells will accom- 
plish the reduction in presence of traces of “carriei's”, such 
as pyocyanine, a pigment normally formed by B. pyocyaneus, 
a soil organism. Many bacteria in presence of certain 
organic substances, which they activate, reduce a molecule 
such as pyocyanine to its colourless leuco form, which in 
turn reduces manganese dioxide to its original form, 
manganous ions being produced. Thus the pigment acts 
as a reduction carrier between the organism and the man- 
ganese dioxide. 

As might be expected from these facts, the addition of 
glucose and other carbohydrates to a soil containing man- 
ganese dioxide brings about an increased production of 
bivalent manganese ions, for the glucose stimulates the 
growth of organisms wliich, in presence of glucose and the 
natural carriers in the soil, reduce the higher valency states 
of manganese. This is shown in Figure 2, from which it is 
clear that the glucose perfusion of a soil increases bivalent 
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manganese concentration in proportion to the amount of 
glucose present. If the experiment is modified so as to 
decrease the moisture present, the effect of the glucose 
under aerobic conditions in stimulating bivalent manganese 
formation is not so apparent This is simply due, however, 
to the experimental conditions favouring a relatively higher 
rate of biological manganese oxidation. 

These facts point^ conclusively to the existence in soil 
of a cycle of biological changes involving manganese 
o>iidation and reduction. The kinetics of this cycle deter- 
mines the amount of bivalent manganese available in soil 
for plant nutrition at any moment. 

My colleagues. Dr. Mann and Dr. Dion, have shown 
that the first product of biological oxidation of bivalent 
manganese in soil is thetervalent ion (Mn+- •— 

Meyer and Nerlich found in 1 92 1 that manganic hydrox- 
ide, Mn (OH) a, is stable in alkaline solution, but decomposes 
in acid solution to give a mixture of bivalent manganese and 
manganese dioxide, thus ; i 

2 Mn (0H)3 = MnO + MnO^ + 3 H^O 
This dismutation goes on in soil; so that it is clear that, 
when biological oxidation of bivalent manganese takes 
place in neutral or slightly acid soils, tervalent manganese 
is formed and dismutes forming manganese dioxide and 
bivalent manganese which undergoes biological oxidation 
once more. 

The manganese cycle in soil under aerobic conditions 
may be pictured as follows: 

Biological Oxidation 

' — __ — ^ Mn+.++ 


Dismutation and 
bioiogical reduction 


Biological reductiori 


Dismutation 


'Mn O, 
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Under anaerobic conditions or in presence of a respiratory 
poison such as sodium azide, the equilibrium sliifis 
maj'iccdly to the bivalent manganese side on the left and it 
Vviil be expected that ultimately all the, manganese will 
appear in that form. 

Another factor that should also be considered is the 
immobilisation of manganese cations as insoluble mangan- 
ese carbonate or as complexes in inorganic or organic 
materials. 

In the complicated conditions occurring in the field, the 
equilibrium concentration of bivalent manganese will 
vary greatly according to the conditions that govern the 
bacterial population and its reducing or oxidising proper- 
ties, e.g., moisture, aeration, organic matter, temperature 
and hydrogen ion concentration. 

It must be obvious that the manganese deficiency 
problem involves many factors bearing on the manganese 
cycle and will not be cleared up until much more work 
has been carried out on the kinetics of this cycle. 

Carbon dioxide and soil metabolism 
Let us turn now finally to a brief consideration of another 
molecule of great importance in soil metabolism — carbon 
dioxide. It is well known that the potentialities of the soil 
for- the digestion or oxidation of organic compounds are 
immense. It may be regarded as the most effective digestive 
system known. Not only are cellulose, proteins and fats 
broken down in soil by a variety of organisms but more 
resistant materials such as lignins undergo change, probably 
into even more resistant substances such as humic acids. 
Clearly oxidation of the total carbon deposited on the soil 
by decaying plants and all forms of animal life must 
eventually take place, otherwise there would be a gradual 
accumulation of dead organic matter piling up on the 
earth’s surface. The organic matter of a soil receiving no 
added material becomes gradually depleted as is shown by 
the fact that aboiqt 30 mg. of carbon dioxide may be 
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produced i^er kiicgram of soil of average feriil.ily eacli day 
for about 200 da}/s of the year. Forraatioa of about seven 
tons of carbon dioxide for an acre of soil per year may 
take place. 

The capacity of the soil to produce micro-organisms that 
will decompose organic matter seems to have no limitation. 
Organisms have been found capable of oxictislng and 
utilising substances such as phenol (carbolic acid), benzene, 
toluene, xylene and many polyphenols. Gray and Thornton 
have found several kinds of bacteria that can oxidise the 
cresols, toluene and naphthalene. Keratin* is decomposed 
by strains of Actinomycetes. Johnson and l]i.s colleagues 
have isolated from the soil around a petrol-pump organisms 
which oxidise n-pentane, n-hexane, n-octane, n-nonane 
and attack lubricating and paraffin oils. 

The amount of carbon dioxide evolved must be dependent 
on the respiration of the soil ; it is derived partly from the 
activities of the micro-organisms present and partly from 
the metabolism of plant roots. The air of the soil is con- 
siderably richer in carbon dioxide than the normal atmos- 
phere above, and the constant evolution of the gas by 
enriching the atmosphere at and above the soil level forms 
a definite stimulus to plant assimilation and growth. Tliis 
is apparent from the work of Lundegaardh and many 
others. The formation of carbon dioxide is important also 
in bringing into solution relatively insoluble soil minerals 
containing phosphorus, potassium, calcium and magnesium. 

Attention, however, should be drawn to the fact that 
carbon dioxide is important in the assimilatory activities 
of bacteria themselves. It yields the only form of carbon 
that can be utilised by the immensely important autotrophic 
organisms of soil. It plays an active part in the metabolism 
of heterotrophic organisms. (Autotrophs manage to exist 
on an inorganic source of nitrogen and carbon dioxide only ; 
heterotrophs require their carbon in the form of organic 
matter. Wood and Werkman first pointed out that pyruvic 

* The protein of Hair, skin hoof and hom. ■ 
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acid, a substance occupying a key position in metabolic 
changes of the living cell, condenses with carbon dioxide 
in bacterial cells to fonn oxalo-acetic acidj which then 
undergoes a series of biochemical transformations. The 
carbon dioxide is thus brought into tlie assimilatory 
activities of the heterotrophic organisms responsible for 
this change. Using the stable isotope of Carbon C® it has 
been found that the labelled carbon of carbon dioxide is 
present in the carboxyl groups of succinic acid synthesised 
by the bacteria. 

CO,+HCH,.CO.COOH -^HOOC.CH,.CO.COOH. 

The central position taken by pyruvic and oxalo-acetic 
acids in many metabolic changes occurring in bacteria and 
moulds implies that free carbon dioxide is assimilated by 
these organisms and is ultimately built up into their sub- 
stance. 

Wieringa showed that spore-forming organisms from 
mud, belonging to the Clostridium group, can convert 
carbon dioxide and molecular hydrogen quantitatively into 
acetic acid, an observation confirmed by Barker, Ruben 
and Beck, using the labelled carbon technique. 

It is known that carbon dioxide can be reduced by certain 
organisms to methane, and an elegant experiment of 
Barker and his colleagues has shown that when the Methano- 
sarcina methanica decomposes methyl alcohol in the 
presence of radio-active carbon dioxide, the resulting 
methane is radio-active. A part of the cell material obtained 
during the growth of a methane-producing organism is 
shown, by making use of radio-active carbon (in the carbon 
dioxide), to be derived from the carbon dioxide. 

There are no observations yet on the possible part played 
by carbon dioxide of soil in the nutrition and development 
of heterofcropMc organisms proliferating there, but it is 
clear from the facts given that it must be playing a highly 
important part iiilhe general metabolic processes of soil. 

It is not possible, in so brief an article, even to mention 
highly interesting aspects of sulphur, phosphorus, iron and 
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hydrogen metabolism in the soil or to comment upon the 
valuable work being carried out on the elaboration of 
antibiotics by actinomycetes and fungi, which must greatly 
affect the biological equilibrium in soil. Nor can '.ve write 
about the important symbiotic associations in soil, such 
as the mycorrhka which offer such interesting biochemical 
problems. It must be clear that soil biochemistry is a 
wonderfully fertile field for investigations of the chemical 
interrelationships of micro-organisms and for the study of 
complex biological systems in every way as interesting as 
the more familiar cell systems of animal and plant tissues. 



Medical Front 

. JOHN ENOGAT 
The Common Cold 

On another page (Plates 1-16) we show scenes from a 
unique experiment now being conducted at Harvard 
hospital, Salisbury, jointly by the Ministry of Health and 
the Medical Research Council, to investigate the nature 
of the common cold. It is a long-term experiment on batches 
of human volunteers, designed not to try out cold “cures”, 
or even to find a cure, but to gain more scientific knowledge 
about this irritating and wasteful disease, which is reckoned 
to lose us forty million man-days of work annually. Only 
by slow, fundamental, painstaking work can we hope 
eventually to solve this problem : the cure will only become 
available when we know a great deal about the virus which 
'is responsible. 

Viruses are infectious germs, usually very much smaller 
than bacteria, from which they can be separated by filtration 
through collodion filters. They cannot be seen through 
ordinary microscopes, nor can they be grown in the tubes 
of broth or dishes of jelly on which the bacteria of diph- 
theria or scarlet fever or typhoid are cultivated in the 
hospital laboratory. They will only grow inside living cells; 
usually, that is to say, inside the common experimental 
animals (mice, rabbits, guinea pigs, ferrets, monkeys) and 
sometimes inside living eggs. This makes it more difficult 
to study them. In the case of the common cold vims the 
position is worse stiU since the only living thing where it 
will grow is apparently Man himself. All the laboratory 
animals are useless. Even eggs have so far not been success- 
fully infected.’ One of the first tasks facing the Cold 
Research team at Salisbury and the National Institute for 
Medical Research, Hampstead, is to find something more 
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convenient than a human volunteer in which to grow the 
vims. A report put out by A. R, Dochez in .1931 that 
chimpanzees caught the cold has now been amply disproved, 
and so far the present team lias apparently drav/n a blank. 

They reported a few of their results from the hrsl ten 
months’ work to the Royal Society of Medicine in. hfay 
of this year. Throat and nose washings collected frorii 
people with colds on the first or second day of their Illness 
were centrifuged to remove mucus and then filtered through 
collodion membranes in which the holes were on the 
average only seven-ten-thousandths of a millimetre in dia- 
meter. This is small enough to hold back all bacteria, but 
lets the virus through. The filtrate can then be used neat, 
or after \arious treatments, to infect volunteers. For . 
instance it was diluted with water, and shown to be still 
infective when 100 times weaker than usual. It \vas stored 
at various temperatures and shown to be still infective 
after 3 days at 4° C, or after 27 days in a refrigerator at 
— 10“ C, or after more than four and a half months at 
’ — 76° C. By doing further filtrations through membranes 
with still smaller holes, until one was found with pores too 
small to let even the virus through, an estimate of the size 
of the germ was obtained as something between 0.3 and 
1.5 ten-thousandths of a -millimetre across, a distance 
corresponding to about 200 atoms side by side. 

On the more clinical medical side, the results show that 
most people go down with a cold on the second or third 
day after infection, while a few start in 24 hours or delay 
for almost a week. The cause of this variability is not 
known. An even more striking variability is shown in, the 
liability of the volunteers to infection. Of 64 people 
receiving a dose of the germ, no less than 25 (about three- 
eighths) failed to catch cold at all, and a furtlicr 11 only 
had mild or veiy' doubtful colds, so that less than half of 
them were really susceptible. This mimiinity apparently 
bore no relation to colds in the previous six months, for 
some volunteers in ■I.-J -1 
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tlieni then, and some had not. If we only knew the nature 
of this immunity vve might be able to stimulate pcople/s 
resistance and ward off colds altogether. In spite of patent 
medicine advertisements to the contrary this cannot yet 
be done, and it is still a matter for research. 

Penicillin and the sulplionamides are useless against 
colds, and in fact no drugs are yet known to fight any 
virus infection. The difficulty perhaps arises from the 
germ’s position inside the living cell, where drugs cannot 
enter, or if they do, only at the cost of killing the patient 
as well as the disease. In 1943 there was a report that a 
substance produced by a mould, penicillium patulum, and 
called patulin had proved powerful in treating colds. 
Further tests on more people showed no significant improve- 
ment, however, and tests of this kind are difficult to cany'’ 
out for a disease which usually only lasts a few days any- 
how. It means very careful statistical comparison of treated 
and untreated patients, and when this was done on large 
numbers, patulin failed. 

Without Comment 

According to Mr. Glenvil Hall, Britain will spend sixty- 
eight million pounds of the taxpayers’ money on scientific 
research in the year 1947-8. This will be divided up for 
the different sciences broadly in the following way: 
Medical research . . . . £698,000 (1% of the total) 

Agriculture and fisheries £2,070,000 
Industrial research . . £14,780,000 
Military research . . . . £49,731,000 (73% of the total) 

Flesh on Fire 

A cut which gets infected becomes red, hot, painful, and 
swollen; a boil is a similar infected swelling. How do you 
regard this? Is the inflammation caused by the germs at 
work, and should the doctor’s aim to be to suppress the 
signs of enemy infiltration? Or is the inflammation a man- 
ifestation of a vigorous body fighting back, and therefore 
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to be encouraged and promoted ? During the centuries 
medical opinion has swung back and forth from one view 
to the other. Before bacteria were known, inflammation 
in illness was welcomed as a sign of the strong patient. 
Plenty of pus oozing from a wound wus a laudable state of 
affairs, just v/liat the surgeon wanted to see, because 
experience had taught him (in the old days before anti- 
septics and penicillin) that the weak and old who showed 
little signs of inflammation usually soon died. Or if this 
did not happen the patient was found to stay ill for a long 
time, with recurrent fever, and slow' wasting, w''hile pus 
accumulated somev/here, dammed up and unable to escape 
in the usual way from a wound. So a steady flow of the 
sticky greenish or yellowish white fluid showed the situation 
w'as under control. 

Then with the realisation that bacteria caused diseases, 
and the invention of antiseptics, and an aseptic technique 
in surgery, pus became a sign of invading germs, some- 
thing to be stamped upon and cleared out, sometimes an 
indication of bad operational skill, always, anathema. And 
so medical opinion swung the other way, and pus was 
laudable no more. , 

Now w'e are entering an altogether new phase in opinion 
on inflammation, a return to the older view that inflamma- 
tion is a natural reaction of a healthy body, and as such 
to be approved and encouraged, but a view based on a great 
deal more knowledge than any hitherto, and therefore held 
with much more understanding and wdth diminished 
prejudice. In the first place the experimenters have taught 
us that all sorts of things injected under the skin and into 
the tissues w'ill cause inflammation and that this is there- 
fore not synonymous with infection. Dead germs do as 
well as the living, bits of metal and other foreign bodies, 
turpentine, “foreign” proteins, all bring about a similai 
change, which is not merely visibly the same to the naket 
eye, but even indistinguishabie under the microscope. Tin 
small blood vessels in the neiehbourbnnfi nf 



open -vvide and admit a rasli of warm blood from ths deeper 
tissues — hence the visible, redness and warmth. At the 
same time the blood vessels become more permeable and 
let fluid and blood protein, containing antibodies, through 
their walls, and this causes swelling. Also white ceils from 
the blood are attracted to the inflamed part, and the bone 
marrow which' makes these white cells steps up production. 
All these changes follow the stimulus to inflammation., 
whether germ or other foreigner. How and why ? Professor 
Valy Menkin of Philadelphia has for some years been 
putting forward heterodox ideas on the subject, and now 
at last they are gaining some ground. He argues that the 
germ, the piece of metal, the turpentine, or other inflamnia- 
tion-starter, acts by damaging the skin it reaches, and this 
skill then gives off a number of chemical substances which 
make the blood vessels open, the swelling appear, the white 
cells migrate. Some of these substances he can extract 
from normal skin, and when injected again they' produce 
some of the symptoms of inflammation. Leucotaxin 
attracts the white cells, leucopoetin stimulates the phago- 
cytes, and so on. These substances still need a great deal 
of study by chemists. But the underlying idea is fruitful 
and probably sound. Inflammation is a complex natural 
bodily reaction, carried out through the agency of hor- 
mones. On its efficiency depends part of your natural 
resistance to infection, and the more that is learnt about 
this subject, the greater the hope of ultimately, preventing 
all illness. 

Dangerous Work 

For some time now, research has been going on into a 
disease of newborn lambs called swayback (see an earlier 
report in Science News 3, page 52). This degeneration of 
the lamb's nervous system, leading to various kinds of 
paralyses, is prevented by adding a little copper sulphate 
to the diet. Now comes a startling medical report that out; 
of eight research workers in a group studying sway- back 
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two or three years ago, four have since gone down 
wilii, a nervous disease, disseminated sclerosis. This is 
ordinarily not a very cominon disease, so that it is startling 
to iind 50% of the research group aifected. In it, patches 
of degeneration of nerve fibres occur scattered throughout 
the spinal cord and brain, the patches slowly increasing 
ill number as the years pass; and the symptoms produced 
are chiefiy those of a creeping paralysis. Hitherto dis- 
seminated sclerosis has been regarded as a non-infectious 
disease of unknown cause and rather iiiefFective treatment. 
Mostly it went its own capricious course in spite of the 
doctors, and medical scientists were blank as to how to 
begin to investigate it, to improve this unsatisfactory 
situation. It seemed likely that the lead to a solution of 
the problems would come, as so often, from some quite 
other and unrelated branch of science. 

Perhaps that is what has happened now. Perhaps a 
relation between swayback and disseminated sclerosis will 
be revealed, and this chance observation on the unfortunate 
scientists is no more than a straw in a possible wind. 

Incidentally there is another aspect to the matter. Up 
to now there has been a great divorce betn'^een medical 
research and investigation of animal health. Yet funda- 
mentally both sciences are aimed at the solution of similar 
problems, and it is to be hoped that the linking together 
of swayback and disseminated sclerosis is only the begin- 
ning of a closer collaboration between veterinary scientists 
and the doctors. 

Jaundice 

People turn yellow in sickness from various causes, and 
jaundice is therefore not a disease but a symptom. Some- 
limes it is a sign of sudden blood destruction, as when 
malarial parasites wreck the red cells on a large scale, and 
the sudden rush of decomposing red pigment stains the 
skin and eyeballs. More often it is the result of a blockage 
of the bile duct, or of damage to the liver itself. 
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Oiie form of liver damagej to which considerable attention 
has been paid recently, is an infections sort (therefore 
known as infectious jaundice or hepatitis) which occurred 
in epidemics in the armies in North Africa and the Middle 
East. It is apparently a virus infection (lilce the common 
cold), spread from person to person by direct contact and 
perhaps also by poorly washed cups and spoons or by flies, 
v/aiking over food after buzzing round latrines. 

In studying this particular disease, some of the most 
valuable information has come from doctors in country 
districts, where people live few and far between, and do 
not travel about very much. When the spread of Infective 
Jaundice through a population of this kind is followed, it 
becomes possible to time the contacts of the well and sick 
exactly, to say how long after infection a person lives before 
the yellowness appears (the incubation period is found to 
be one month), and during which stages of the infection 
such a person is himself infective. In fact in general, country 
practitioners are very well placed for studying the natural 
history of illnesses. 

But when it comes to answering the question what the 
virus is doing in the body during the silent month before 
jaundice appears, or what is the best treatment, we must 
turn to the hospital and laboratory scientists. Treatment 
at present is confined to helping the liver in its convalescent 
period with plenty of protein (meat) food, and in particular 
with an aminoacid component of protein which contains 
sulphur, and is called methionine. Experiments on rats 
with livers damaged by arsenic or chloroform poisoning, 
or by very poor quality diets, such as the normal food of 
the Bantu native African, have shown that methionine in 
the food protects the liver to some extent. Fewer rats 
succumb to the poor food or the poisoning, more recover 
if already poisoned. It is not yet proved that this result 
applies also to humans. But doctors have no right to wait. 
They must start any possible treatment as soon as it is 
thought of, and leave the scientists trailing along behind 



assessing and modifying in the light of further experience. 
At present, it is only fair to report the metliionine treat- 
ment as not proven. 



Rain 

ERIC KRAUS 

In i945 and 1946 an unremitting drought struck the North- 
'Westcni districts of New South Wales. The pastures dried 
to dust, and the large flocks perished as weeks and moiitlis 
passed by vdthout life-giving rain. Yet on many an after- 
noon dark heavy clouds built up into the sky, only to vanish 
again mockingly in the evening Where did these clouds 
come from? Why did they not rain? Could human ingenuity 
devise a method which might force them to yield their 
water? Recent studies allow us to give a ‘fairly plausible 
answer to such questions. 

Prologue 

The molecules of any substance carry on an eternal dance. 
In a crystal they oscillate about their stations in the crystal 
grid; in a gas they rush hither and thither through space, 
colliding with each other all the time. The intensity of the 
molecular dance depends on the temperature. As a mader 
of fact, temperature may be defined as a quantity which 
is proportional to the mean kinetic energy of the molecules. 
The kinetic energy of any moving object-— be it a molecule, 
a motor car or a planet — is given by half its mass miiltiplleci 
by the square of its speed. 

In a mixture of gases, the mean kinetic energy of the 
individual component molecules will be equal. The reason 
for this is easy to understand. When a big, heavy molecule 
hits a lighter one it will send the little fellow flying, just 
like a bulky footballer who collides with a frailer opponent. 
A little molecule hitting a big one, on the other hand, w'ill 
make as little impression as a pebble thrown against a 
rock. This causes the heavy molecules to move in the mean 
less fast than the lighter ones. 

104 
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¥>'lien the earth was young, its atmosphere probably 
contained much. hydrogen. Unlike the sun, and the larger 
of her sister planets, our small globe had not enough 
gravitational puli to retain the light and therefore fast- 
moving hydrogen molecules. Within a few thousand years 
most of them must have dispersed, shooting out into space 
like very fast rockets. The remainder combined with 
oxygen to form water vapour. As the atmosp}ie.re cooled 
further, the water vapour began to condense, perhaps at, 
first only on the night-shaded side of the earth. Gradually 
the patches of condensed water spread. When they became 
permanent the first ocean was born. 

Molecular Forces 

When w'e lift a stone, we have to work against the force of 
gravity. The physicist says that this work is used to increase 
the potential energy of the lifted object. When the stone 
drops again, the potential energy wMch we have put into 
it is changed into the kinetic energy of the fall. Finally on 
striking the ground, the latter is converted into the energy 
of molecular oscillations, in other words, into heat, which 
is conducted away by the soil and the air. 

Molecules too, as stars and planets, attract each other 
at relatively large distances. Yet when they are brought 
very near together a repellent force becomes predominant, 
which tends to drive them apart again. The potential energy 
associated with these forces is shown in Figure 3. We can 
compare this figure to the section across the surface of a 
valley. On the right side is a kind of plateau, where the 
potential energy alters little with distance. This means 
that the molecules exert no forces upon each other when 
they are fairly far apart. If we lessen the distance, the 
attractive forces come into play. The potential energy of 
molecules which move towards each other, now decreases 
like that of a stone which rolls down into a valley. At D 
in the valley, bottom, a minimum of the potential energy 
is reached. In order to come still nearer together, the 
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'luolecuies would have to be pushed up the steep slope of 
the repellent forces. 



Figure 3 

The attractive and the repellent forces balance each other 
at D. This corresponds to the distance between the mole- 
cules in their solid or liquid ‘phase’. The actual length 
depends of course on the substance. The plateau on the 
right where the forces vanish again characterises the 
molecular distance of the gaseous or vapour phase. 

Down in the valley at D, the molecules of solids and 
liquids rock left and right in their thermal dance. Every 
now and then, one gets an impulse which carries it right 
out of the potential valley on to the high plateau of the 
vapour state. It is then said to evaporate. Obviously those 
jerky molecules which overcome the bonds of attraction, 
and roil out over the brow of the potential slope, will be 
just those which oscillated most vigorously and had there- 
fore much kinetic energy even in the liquid phase. The 
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I'liean of the molecular kinetic energy is coiitiniiously 
lowered by this escape of the fastest molecules, that is to 
say, a liquid is cooled by evaporation. The opposite 
htippens when a fast vapour molecule hits the surface of a 
liquid. The impact will rock all the surrounding liquid 
molecules, and die increased kinetic energj^ of tiieir thermal 
dance will make itself felt as increased heat — the so-called 
heat of condensation. 

Water Vapour in the Atmosphere 

There are always some vapour molecules over every liquid 
surface. Occasionally they will fall in and condense, whilst 
others take their place by evaporation. If the number of 
those reaching the liquid from the vapour is equal to those 
leaving the liquid w^e say that the vapour is saturated, or 
in equilibrium with its liquid. 

The heating of water increases the violence of the thermal 
dance, and thus enables more molecules to escape from the 
potential valley of the liquid state. A vapour wdiich is to 
be in equilibrium with warm water must therefore contain 
more molecules than one which is saturated relative to a 
colder surface. The saturation pressure increases accord- 
ingly with the temperature. 

Cold air can contain but few vapour molecules. When it 
moves over a warm ocean, the number of molecules which 
it receives from below becomes much larger than the 
number of those which fall back. The moisture content 
of the air must thus increase. Enormous quantities of 
water vapour are supplied in this way to the icy winter 
winds of Canada and Siberia, when they flow out over the 
Gulf Stream or the warm currents of the North Pacific. 
Much vapour also reaches the atmosphere in the fresh 
trade winds in their passage over lukewarm tropical seas. 
In addition to these, but on a minor scale, every relatively 
warm and moist surface may serve as a source of atmos- 
pheric vapour. 

Conversely, relatively warm air cooled from below loses 
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some of its vapour to the' surface by condensation. Dew is 
an example of this: after sunset, the land cools quickly, 
and the warm night air deposits moisture on it. But the 
immber of water molecules which evaporate from the 
surface of our planet is very much larger than the number 
of those which condense upon it. The difference is made 
up by a host of enterprising molecules which are of par- 
ticular interest to us, and wliich we shall follow upon their 
adventurous journey. 

The Formation of Cloud Drops 

Much vapour is carried upwards by vertical air currents. 
These currents arise from the local heating of air, or by 
its flow across a mountain range, or by the convergence 
of horizontal air streams. Unfortunately we know as yet 
very little about the details of vertical currents, such as 
their extent or their speed. When air rises it expands. The 
molecules spread over a larger space and their kinetic 
energy decreases. In other words, rising air cools. Sooner 
or later it gets cold enough for its water vapour to become 
slightly super-saturated. If at this stage there was a w'ater 
surface with the same temperature available, the moist air 
would lose more molecules towards it than it could gain. 
The excess moisture content would then decrease by con- 
densation. As there are no permanent water surfaces in 
the free atmosphere, the vapour molecules tend to build 
them from scratch. They find that by no means easy. 


The attractive force between two single molecules is much 
smaller than the force with which a whole group holds one 
of their itumber. This can be seen immediately in Figure 4. 



Figure 4b 


Figure 4a 
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The attraction between the individual molecules is repre- 
sented there scliematically by the thin lines, and the resultant 
force by the arrow X. This, resultant force is always 
vertical to the surface. Its effect is similar to that of the 
elastic stress in a tennis ball. It compels any group of 
molecuies in the liquid phase to assume a spherical shape. 
This roundness is characteristic for ail small drops. A 
comparison of Figures 4a and 4b now' shows immedi.'itely 
that a molecule in the plane or slightly curved surface of a 
large group is held by more bonds, and hence by a larger 
resulting force than one in the strongly cuived surface of 
a small droplet. In the latter case the valley of potential 
e.nergy must be shallow and the molecule has a better chance 
of escaping on to the plateau of the vapour phase. The 
small droplet therefore tends readily to disintegi'ate by 
evaporation, wliiist the large one has a more stable character. 

In particular, two molecules will stick together on an 
average for only about the hundred-millionth part of a 
second. If a cluster of three is to form, a third vapour 
molecule has to meet the pair within this interval The 
trio can then expect to retain their association some 
hundred times as long as the first pair. When it is joined 
by a fourth one, before it breaks up, the quartet will live 
even longer and so on. 

The average natural cloud droplet \contains about 500 
billion molecules. This is a very large figure. There are 
about two milliard men on earth, each of whom has prob- 
ably less than five thousand hairs on his head. The number 
of all the hairs on all human heads is smaller than the 
niunber of molecules in the average cloud droplet. Sucii a 
large group can only gather from modest beginnings if 
there are a great number of molecular collisions within a 
sufficiently short interval. In order to create these conditions 
we need a highly super-saturated vapour, i.e., a vapour 
which contains many more molecules than arc necessary 
to maintain equilibrium with the droplet once it has formed. 

Perhaps.tliis can be made clearer by an extension of the 



O H iN V., jCi J-'N 13 VV O 


simile used for the interpretation of Figure 3. In the first 
instance we have now no potential energy vaiicy corres- 
ponding to the liquid phase, but only the high level platea.u 
of the vapour state. Let us imagine that the plateau is 
covered by a stretched elastic cloth which hides innumerable 
small hollows beneath. Picture the molecules as smooth 
like marbles, rolling at random upon the cloth. Singly 
each marble is so light that it rolls easily over the covered 
cavities. Yet if a suflScient number happens to meet simul- 
taneously above one of the hollows, their combined weight 
may be sufficient to dip the cloth. When that happens, tlic 
molecules become trapped together in the depression, and 
they cannot as easily roll apart. 

The chances of such an event taking place increase with 
the niunber of marbles oh the cloth, and the time interval 
which they spend together on collision before bouncing 
apart. In a vapour these factors can be related to the 
pressure and the temperature. From these the chance 
occurrence of molecular gatherings is calculable. It appears 
that on an average only one drop will form in a cubic 
centimetre every thousand years, when the vapour pressure 
is three times the saturation pressure. At fourfold saturation 
pressure one drop could appear every second. Finally, 
when the vapour pressure is five times the saturation 
pressure a thousand million drops might form. This is 
borne out qualitatively by laboratory experiments with so- 
called cloud chambers. 

Atmospheric vapour pressures are at the very most only 
a fraction — perhaps a few per cent — above saturation value, 
so our simple picture of drop formation cannot be correct. 
We must imagine then that the cloth is already depressed 
into the hollows by small weights, which have been placed 
there beforehand. The marbles will then quite easily gather 
in these existing depressions. In the real case our weights 
are actually small fragments of substances which have the 
property of attracting water molecules. Most substances 
have this property to a greater or lesser degree. It can be 
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observed in glass for example, when moisture droplets form 
on the cold window of a warm room. Ordinary cooking 
salt attracts water molecules so strongly from the atmos- 
phere that its grains begin to clog the salt cellar on any 
moist afternoon. 

Although the atmospheric condensation ‘nuclei’ must 
each contain millions of molecules, they are yet too small 
to be seen in the microscope. The nuijority of them are 
probably made up of (a) salt panicles which are the residue 
of evaporating sea spray, (h) small blobs of nitric acid 
wdiich is formed by lightning discharges, or perhaps in 
the wake of cosmic rays, and (c) of particles which come 
from the smoke of natural fires or from man-made com- 
bustion. Dust which is abundant in the air exerts no 
particularly strong attraction upon wmter molecules. The 
number of condensation nuclei is always sufiicient for the 
formation of cloud droplets whenever the vapour pressure 
rises a fraction — a few per cent at most— above saturation 
value. 

Why Clouds do not Always Rain 

There is a great difference betw’een the cloud droplets 
which first form around the atmospheric condensation 
nuclei and the drops which make up rain. The cloud 
droplets are so small, and they sink so slowly, that they 
evaporate after a fall of only a few inches below the satura- 
tion region. That is the reason why many clouds have such 
an even, well-defined base. Rain drops on the other hand 
are some million times as heavy. They fall fast, evaporate 
slowly, and they can reach the ground even through a 
relatively dry intervening layer of air. There is never enough 
water vapour in any cloud for all cloud droplets to grow 
to rain drop size. Only a few can do so. Obviously there 
must be an agency which allows some droplets to grov/ 
w'hilst others remain small. What is the mechanism of this 
selectiye process? 

One possible factor is the , unequal size of the droplets. 





Above sve have seen that the small ones evaporate more 
easilj^ Their disappearance will increase the host of vapour 
molecules which can be gobbled up by the bigger drops. 
As in some parts of the animal kingdom, we find a tendency 
for the biggest and strongest to grow still further at the 
expense of their smaller brothers. 

But this curvature effect ceases to be effective for droplets 
above a certain size. The surface force and hence the rate 
of evaporation is practically the same as it is in a flat water 
surface for all droplets with a diameter larger than about 
the ten thousandth part of an inch. The average cloud 
droplet’s diameter is roughly five times as large. This 
fact suggests that many cloud populations are actually the 
final product of the selective evolution, which may have 
started from unequal sizes in the beginning. 

In some clouds the droplets do actually grow beyond 
that stage, yet the further growth is exceedingly slow. It 
requires a prolonged sojourn of the droplets in a slightly 
super-saturated surrounding. Conditions of that kind may 
prevail m slowly rising air currents, and in warm clouds 
which are cooled by radiational loss of heat. Even then, 
these clouds seldom produce more than a fine drizzle, 
wdiose small drops may reach the earth provided the journey 
is not too dry. 

The big drops which fall from rapidly changing storm 
clouds with a high base cannot have grown this way. 
Their occurrence is now often explained by a theory which 
postulates that they have been born as tiny ice crystals in 
the upper part of the raining cloud. 

Ice Crystals and some of their Properties 
The qualities of crystals can be largely explained by the 
structure of their molecules. , A planet’s force of gravity 
depends only upon the distance from its centre. On the 
other hand the attraction which molecules exert upon 
others of their kind varies not only with the distance but 
changes also with the direction. Some directions are 



greatly pi*t;fern;d. If conditions were similar on our earth, 
an upjaie iiiiglil be a hundred limes as heavy in China, say. 
as ir, vrould be in England. In a ciystal, the molecuies arrange 
themselves novv in such a way that each one rneots its 
neighbour in the direction of its maximum attraction. 

The vrater molecuies in particular consist of one oxygen 
atom and tv/o hydrogen atoms. If we think of the oxygen 
atom as being in the centre of a three-sided pyramid or 
tell ahedron, the two small hydrogen atoms will sit on two 
of the corners, each of which carries a small positive 
electric charge. The two remaining corners have an equal 
negative charge. They serve as points of attachment for the 
positive corners of the neighbouring molecules. The result- 
ing arrangement is shonnr schematically in plate 19 which 
represents the oxygen atoms as black balls, and the hydrogen 
atoms as white. It can be seeivthat the tetrahedral character 
of the water molecule leads to a hexagonal arrangement — 
the crystallisation form of ice. 

In ice the molecules are so orientated as to be held by the 
strongest possible bonds. They cannot escape easily as those 
from liquid water. This small rate of molecular escape 
from ice can be made good by recaptures from a vapour 
which itself contains relatively few molecules. The crystal 
therefore persists in equilibrium with a vapour of lower 
pressure than does an open water surface. The difference 
of saturation pressure betw^een ciystals and drops is much 
larger than that between drops of unequal size. 

The potential energj^ of ice molecules, with their strong 
mutual ties, is necessarily iow'er than that of the molecules 
in liquid water. When a water molecule freezes to a crystal 
it falls, symbolically speaking, into a very low pit of the 
potential energy. In doing so it gains kinetic energy which 
appears as heat passed on to the surroundings, just as in 
the case of the stone which hits the ground arrer a fall 
d'hls heat is called the heat of crystallisation. 

The opposite happens on melting. WTth rising tempera- 
tures the thermal oscillations of the molecules become 



more vigorous. This increases their chance of jerking out 
of tli-iit potential energy pit, which characterises the ice 
phase. When that occurs to a sufficiently large number, 
the regular crystalline arrangement is disrupted and the 
crystal ineits. The heat which is necessary to bring this 
process about — tiic so-called heat of fusion— -must be exjual 
to liic heat which was given up during the freezing process. 

The collapse of the very open structure of the ice crystals 
causes a reduction of volume. In ice, the molecular arrange- 
ment needs much space; it is therefore light and floats 
upon the more densely packed water. 

The Importance of Crystallisation Nuclei 
The building up of a crystal, solely by the chance collision 
of vapour molecules, is even less probable than the forma- 
tion of' drops in that way.. Although the attractive forces 
have always the tendency to bind the colliding molecules 
so as to form a regular lattice, they are opposed by the 
kinetic energy of the thermal motion. Only below perhaps 
— life, is the thermal energy weak enough to make the 
formation of pure ice crystals directly from a vapour at all 
probable. At high.er temperatures drops rather than crystals 
will form in the first instance, when the super-saturation 
is sufficiently high. 

Conditions are different in the presence of suitable 
nuclei. At temperatures below freezing point, the vapour 
molecules will tend to attach themselves to any e.xisting 
surface or edge \vhich recalls the structure of icc. By their 
combined forces any later arriving molecule will be orien- 
tated in such a way as to take up its rightful place in the 
crystal lattice. 

It seems however that most of the crystals which occur 
ill the atmosphere are not built up from vapour molecuies 
at all. They are formed , by the freezing of droplets. This 
event does not occur at the ordinary freezing temperature 
of 0“C. Perhaps the reason becomes clear if we consider 
that the water molecules have to be moved slightly apart 


before tliey can click into their place in the crystal lattice. 
YVq may tiius imagine the molecules of ice and water as 
lying ill adjoining potential valleys. Because cf a potential 
ridge between the “two, it is impossible for the molecule 
of the liquid phase to fall — plonk — into the deeper furrow 
of the ice phase. It has first to pass over this energy hump. 
Only at very cold temperatures is this obstacle reduced to 
a kind of shoulder in a slope which leads fairly directly 
from the potshtiai level of the water phase down into tlis 
pit of the ice phase. Because of this potential ridge pure 
water may be cooled to very low temperatures indeed. 
Liquid ‘super-cooled’ water drops have been observed 
down to 

The stirring of a super-cooled liquid may bring some of 
the molecules into the right configuration. A tiny crystal 
germ fomied in this way will immediately grow very fast, 
and it will continue doing so until the whole mass is solid. 
The liberated heat of crystallisation may actually heat the 
water during the process. Alternatively, the freezing process 
may be precipitated by the introduction of suitable nuclei. 
Soil, stones and rock will always offer some surfaces which 
favour crystallisation. That is the reason why ponds and 
rivers freeze first along their banks and w'hy these bodies 
of w'ater can never be cooled much below the ordinary 
freezing point. 

The ah, too, contains many crystallisation nuclei which 
float about as very fine dust particles. Some of these will 
become embedded in cloud drops. As yet we can only 
conjecture their nature. They are much too small to be 
seen. However we do not know that they are not very 
efficient as a centre for crystallisation, for they only begin 
to act at temperatures of about — 13 to — 15"’ centigrade. 
Clouds which are warmer than that usually consist of drop- 
lets alone. , , — 

The crystallisation nuclei are apparently much less 
frequent than the ordinary condensation iracki. Yet few 
and inconspicuous as they are they seem to have an 
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inordinately large effect on otir liveb. and upo/i the whole 
aspect of this planet. 

Rainhearing Clouds 

Let us now consider a cloud at freezing temperature wbJeh 
contains both crystals and droplets. Both a crystal and a 
drop of the same surface size will be reached by the same 
number of vapour molecules. But the rate of escape from 
the ice is smaller than that from the water-surface. There- 
fore the crystals grow much faster than the droplets. 
Within a short time the fonner will tie up so many vapour 
molecules that life becomes too dry for the latter. The 
droplets cannot take it. They evaporate and their former 
molecules attach themselves to the crystals. The process 
will continue as long as there are di'oplets about. Mean- 
while the crystals are growing larger and larger. Eventually 
they form heavy flakes which fall towards the earth. When 
they come down to freezing melting level, the flakes thaw 
and each forms one or several big rain drops. During their 
further fall the raindrops may swaliow those of the little 
cloud droplets which happen to be right in their path. That 
fortifies them sufficiently to survive even long diy passages 
down to the ground. 

The effect is shown schematically in Figure 5.»The small 
low cloud on the left does not even reach up to freezing 
level. It contains a population of modest droplets alone, 
and it will not rain as a rule. Equally little effect may be 
expected from the high cloud above W'ith its exclusive ice 
crystal society. Even when a cloud rises above freezing 
level, as that in the middle, it will preserve its character 
as a homogeneous group of droplets. Only when the drop- 
lets are carried up to such lofty heights that some of them 
do attain crystal status, does the process of rain formation 
start. It is the beginning of the lost molecule’s return journey 
back to the sea. 

Not all rain forms in this way. Particularly in the 
tropics, precipitation has been quite often observed from 
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CLOUD DROPLETS-; !CE CRYSTALS'^-.' 'SNOW FLAKES'** RAIN DROPS;* 
Figure 5 

clouds, which did not reach up to freezing level. It appears , 
that these tropical rain clouds are at least ten thousand feet 
deep, Whilst falling through such a massive cloud, the 
drops have much time to grow by condensation and by 
occasional collisions with each other. Yet even on the 
equator, all really violent downpours seem to come from 
clouds which reach well up into the crystal region. We , 
may conclude, that although not necessary in ever}^ case, 
the existence of both crystals and droplets within one cloud 
will always greatly facilitate rainfall. 

Man as Rainmaker 

The argument so far represents the current ideas on the 
physics of rain. The development of these ideas during 
the last fifteen years suggested some possible alterations 
in, the traditional rain-making methods of the witch doctor 
and the medicine man. Might it not be possible to sow 
tiny crystal germs into those clouds wMch rise above 
freezing level, but which do not quite reach the natural 
ievel of crystallisation? Such germs should grow like 
seeds in fertile soil. When they have grown big enough, 
they might bring the water down tr, 
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It has now be-sa discovered that veiy large numbers of 
small crystal germs are formed when molecules collide in a 
very cold, and highly super-saturated vapour. High degrees 
of siiper-saturation can be achieved simply by the rapid 
cooling of moist air. One way of doing that is to bring the 
air suddenly into contact with some very cold substances 
such as solid carbon dioxide — or dry ice, as it is often 
called. The temperature of solid carbon dioxide is — 80° 
centigrade. It is so cold that it will hurt your skin seriously 
if you keep it in your hand. When a lump of carbon dioxide 
is put on a table in a room, it seems to give off something 
resembling the biuisli smoke of a cigarette. This smoke 
consists of tiny water ice crystals which form in the air as 
it eddies past the lump. If we drop a small pellet of the 
substance tlirough the atmosphere, billions of tiny ice 
crystal germs form in its trail. If all these small crystals 
would spread throughout a cloud of super-cooled droplets, 
each one of them might grow to become a big snowflake, 
and hence a raindrop. If this were the case, one grain of 
solid carbon dioxide would be sufficient to release an inch 
of rain over several square miles. In reality, the tiny germs 
do not migrate sufficiently. They remain in a relatively 
limited I'egion, where the competition between them for 
the available water vapour is so large that only a fraction 
has a chance to grow. How many will actually do so 
depends on the type of cloud into which the carbon dioxide 
has been sown. In particular it depends on the amount 
of water, on the temperature, turbulence and. other physical 
properties. At present we know very little about these 
factors inside clouds. Empirical tests have shown hov/ever 
that a hundred to three hundred pounds of granulated dry 
ice are ample to stimulate an appreciable fall of rain from 
suitably selected clouds. ^ 

Instead of forming crystal germs spontaneously by rapid 
cooling v/e could sow particles of other substances into 
super-cooled clouds. Provided the structure of these part- 
icles is suitable, they will serve as nuclei for crystallisation 
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;,Lt a level wliicii is lower than that above whicli the natural 
nuclei begin to act. Qouds which are not supercooled 
could be affected by being sprayed with a hygroscopic 
substance. These substances bind water molecules strongly, 
and this property causes big drops to form around them. 
Recent reports indicated indeed, that rain has been pre- 
cipitated In Russia, by the dusting of clouds with Calcium 
Chloride, which is a very hygroscopic chemical. 

Gnce crystals are made to grow by any sort of method 
the heat of crystallisation will be released. The corres- 
ponding gain of heat in the whole cloud mass is much 
greater than the amount of cooling in that part, through 
Vvdiich the carbon dioxide had been dropped. The infected 
cloud thus becomes slightly wamier than the surrounding 
air. Warm air rises, and that often causes the remarkably 
fast growth of thunderclouds into the sky. Something 
similar happened on some of the tests, when artificial 
crystal germs were planted in clouds over New South Wales. 
The clouds shot up in a most spectacular way, and when . 
they towered high above all the other clouds, rain came 
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out of ih-iir base. Plates 20 to 25 illustrate one of iliese 
events (see also the map, Figure 6). 

To those who carried out the test, this was a thriFirag 
siglit. iJiiforiimateiy wc are not sure as yet how easily it 
can be repeated. When these first experijiients were pianri^d, 
it was obviously desirable to pick out the most fa'vourable 
conditions. For aH we know at present such conditions 
may rarely occur. 

Before rain-making ceases to be a gamble, it is necessary 
to learn something of the physical properties of various 
cloud types, and to observe how often they occur in a given 
region. This is a fundamental investigation which will 
occupy scientists for many years. It involves great theoretic 
and instrumental difficulties, such as computing the rela- 
tions betw^een vertical air currents and the temperature, 
air pressure and moisture; or measuring the sizes and 
numbers of cloud droplets from fast-flying aircraft. 

If successful, this investigation ought to teach us some- 
thing more about the physics of clouds. That is a satis- 
factory and legitimate aim in itself. With luck, we may 
get the additional benefit of learning how to cause a slight 
increase of rain in certain areas. Perhaps we shall find a 
way of choosing the place on to which it falls. Any dis- 
covery of that kind would be of great importance to the 
people v/ho live in the semi-arid parts of Australia, India 
and other similar regions. Without further fundamental 
investigations we cannot say what will or Vv^ill not be feasible. 

One thing is certain. At present we cannot make rain. 
We can only trigger it off from suitable clouds. This fiict 
alone should preserve us from rain falling according to a 
departmental schedule as trains follow the raihvay time 
table. For the time being at least, we will be still caught 
out — with or without umbrella — and we need not fear the 
fading of an old experience which is varied, often stlnuila- 
ting and never quite predictable'.' 


Roads are being made 
WaterprooJ 

C. S. JONES . ' 

Many types of synthetic resins-— particularly the melaniine 
groups— are coming to the fore both in the manufacture 
of plastics, aTtd the processing of textile fabrics for crease- 
resistance and anti-slirinkage. They also have another use — 
to make roads “waterproof”. They are, of course, largely 
used, in those sections of the textile pjrocessing trades 
v/'hcvc proofing against moisture penetration in fabrics is 
desirable, but their application to other substances, such 
as soils, is a striking innovation. It comes from experiments 
wliicli were undertaken in the U.S, during the war period. 
It was noticed that miles and miles of roads, on which 
heavy trucks would travel during the winter months, 
tqirned to seas of mud after torrential rain, and remained 
in that condition until the sun’s rays turned them into 
dust-covered highways. Most of the reads were too far 
oiT the beaten track to allow them to be paved or treated 
witli creosoted layers, yet something had to be done. It 
was Dr. Winterkorn, a soil expert, who emigrated from 
Heidelberg to U.S. A.* in 1931, who accepted the challenge. 
He got on to the right track, strange to say, through an 
unrelated problem that arose in Florida. Citrus trees in 
certain districts Nvere dying; apparently the particular soil 
in, which they had been planted would not absorb water. 
Dr. Vvinterkorn deduced that the soil must contain some 
kind of a “waterproofing” agent. Fie folio wed up the 
clue, tested scores of materials, and found that a. number of 
resinous powders would waterproof surface soil when mixed 
svith it in. a ratio as low as 1. to 200. He set to work on his 
thesis. In crjllaboration with a chemical mariiifacturian 
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firm he developed a resin from pine stumps. A mixture of 
this resin and Portland cement v/as evolved. Applied in 
disc form and rolled into the ground to a depth of a few 
inches, it was found that the surface was impervious to 
rain, or snow penetration. Thousands of miles of “dirt” 
roads have since been treated, and reports prove that they 
have remained dry through seasons of torrential rains and 
are likely to do so for some years hence. 

But, it is pointed out by the inventor, it would be a 
mistake to assume that anyone can sprinkle any road with 
this “magic powder” and end the mud nuisance for all 
time. On the contrary, to effect satisfactory and per- 
manent results soils must be analysed, and experts .must 
apply the correct type of resin stabilizer. This is all the 
more necessary when it is borne in mind that acid and 
alkaline soils react differently. No known resin will water- 
proof sand, nor will it stand up under heavy traffic. 


How Messages are 
Transmitted along Nerves 

DR, W. A. H. RUSHTON 
Introduction 

As soon as animals evolved even to the stage of quite 
small coliecdons of ceils, it became necessary for them to 
arrange for the transport of chemicals between the central 
region and the outside. It also was advantageous to have 
some degree of communication between different parts, and 
from the first use was made of the transport system to 
distribute potent chemical messengers (hormones). These 
hormones are synthesised by certain cells, and may be 
liberated into the circulation as a result of specific stimuli 
and so carried to remote parts of the body. The particular 
feature of the hormone is that it will act upon certain cells 
and not upon others, so that a special kind of response 
may be elicited. This has proved a very successful bio- 
logical device, and physiologists continue to find more and 
more ways in wliicli our own bodies depend for healthy 
working upon the scores of hormones circulating in our 
blood. 

But as a means of communication, the hormone system 
has two important limitations. It is slow, and it is poorly 
localised. In ourselves, where the chemicals are poured 
into the veins and carried round in the blood stream, it is 
obvious that the message cannot be sent faster than the 
blood travels. It takes about 20 seconds for the blood to 
complete the circuit of body and lungs, and so w-e cannot 
expect to obtain by hormone a response to any stimulus 
Within 10 seconds. Again, since the blood is distributed 
to every part of the body, the hormone, after thorough 
mixing in the lungs, must broadcast its messn or n. 
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n.o matter what may be, the site of stiniukis. Thjs slow 
reaction and poor localisation, however, is no drawback 
where the processes of growth, digestion and general 
clicmical equilibrium are concerned, and it is in thi.'; domain 
that hormones are particularly effective. 

But when w'e turn from considerations of vegetative 
existence to the relation with the environment, a quicker 
and preciser system becomes essential. A prime require- 
ment is for the organism to react appropriately to danger 
or food, and, on the whole, survival rewards him who 
appreciates the situation most accurately and does the right 
tiling quickest, whether flight or pursuit. 

The nervous system is the biological response to these 
needs. Nerve fibres are like telegraph wires in that they 
transmit messages fast and far with no transport of material 
and little expenditure of energy. Information from the 
outside is received by specialised cells, the sense organs, 
and these transmit nervous impulses which very quickly 
reach muscles or glands and stimulate them. It is rare to 
find a direct connection between a sense cell and a muscle 
— a private line, as it were. A private line system between 
each sense cell and every muscle that it might require to 
excite would be very unsatisfactory from two aspects, it 
would require an enormous number of nerve fibres, and 
worse still, there w''ouid be no co-ordination of the often 
quite conflicting “orders” sent out from the- various sense 
organs. Thus from the very beginning of nerve evohitioii 
there has been a tendency to centralise the nerve con- 
nections so that a central exchange receives the me.ssages 
from the sense organs and relays them (to juuscles and 
glands) more or less modified in accordance with the totality 
of the information received. 

It seems obvious that an animal will not be able to react 
very well to external conditions unless it has good informa- 
tion about those conditions, and this information is entirely 
supplied by the sense organs — cells specialised to respond 
primarily to mechanical or chemical changes in their 1 
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ourrc;i::dings. Tho ear and the eye are woiiderfniiy e-laborjite 
exarapl.os of such specialisation where mechanical resonance 
and photochemistry are enlisted to enable the cells to 
appreciate waves emanating from distant objects, and hence 
to give us some information about the remoter world. 

There is perhaps one exception to the statement that ali 
Giuslde information comes to us through the sense organs, 
namely the case of telepathy. We have a considerable body 
of rather scattered evidence that perception may be directly 
transiiiitled from one mind to another without any sensory 
intervention. But because it is hard to obtain the con- 
ditions for successful telepatliic transmission, and because 
the implications of telepathy are considerable, we must, 
at present, be careful as to what we build upon this founda- 
tion. ■ . 

It does not seem as though telepathy should affect very . 
greatly the idea that our information about the outside 
world is entirely supplied through sense organs. These 
organs would indeed not necessarily be our own, but a 
very great body of our information in any case is at second 
hand — read and heard by our own eyes and ears but lived 
in our imagination through the senses of the narrator. 
¥/hat telepathy brings new is that among the assortment of’ 
impressions which pop into consciousness from our own 
unconscious mental processes, there are occasional im- 
pressions wliich come from someone else’s mental processes, 
and may carry the authority of his sensory perception. 

Even accepting telepathy, therefore, our concept of the 
outside world is derived from the impulse patterns in sensory 
nerves — indeed this is probably implicit in what we mean 
by “outside world”. 

The part played by nerves in the body is so reminiscent 
of a telegraph system that it is easy to overlook the fact 
that the message is transmitted by an entirely different 
application of electricity in the two cases. To illus irate 
this difference let us consider two familiar vmys in which 
heat may be transmitted. 



Tf a me'ial rod. has one end warmed in a flame, heat will 
pass along the rod and the temperature will rise e\'sn at 
quite a distance from the flame, especially if the rod is 
lagged with a thermal insuiatGr. Contrast this system with 
a lighted cigarette. Here too applied heat may result in 
the propagation of a temperature rise to a more or less 
distant region, but the mechanism of propagation is 
obviously very different. The metal rod is throughout 
quite passive. Heat is applied, and leaks away where it can. 
The metal conducts well, the air or other surroundings 
conduct badly, so -that most of the heat passes down the 
metal, and thus will penetrate some distance with gradual 
loss of intensity. Any increase in the temperature of the 
source results in a proportional increase in temperature 
everywhere in the rod. . 

The cigarette, on the other hand, is in active combustion. 
It is not the heat of the match w^hich is conserved and 
transmitted down in the advancing glow. The match is 
the trigger which releases the chemical potential of the 
tobacco, etc., in the cigarette, and the glow is the mani- 
festation of the energy liberated by combustion at the 
moment. The intensity of the glow will thus oot depend 
upon the temperature of the match (provided that this is 
adequate to light the cigarette) nor will the orightness 
decline with the distance of propagation. 

Now telegraphic propagation is like the metal rod, and 
nerve propagation like the cigarette. For the telegraph 
wire transmits the electric wave owing to good conductivity 
along the wire and good insulation in other directions, 
and the size of the wave is proportional to the intensity of 
the applied electric charge, and gets weaker with distance. 
But in nerves the activity spreads from point to point by 
the release of local electric potential. So the impulse docs 
not diminish with distance, nor does its size or nature, 
depend upon the strength of stimulus which excites it to 
activity (the All-or-None reiatiqn). 

This is an astonishing limitation. It seems so obvious 
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that a strong external stimulus sucli as a bright iight or a 
severe pijich must set up a larger impulse in the nerve 
fibres llian a slight stimulus. But though, of course, the 
nerve message is not the saiiie for strong and weak stimuli, 
the difference does not lie in the size of impulse conducted, 
for this depends, not upon the external stimuius, but upon 
the local conditions of the nerve. Since the only knowledge 
that v/e have of the world outside ourselves comes through 
our sense organs and their nerves, it follows that the shift- 
ing pattern of sensory impulses comprises the totality of 
what we know of the Universe, of Mankind and of every- 
thing outside us. Ail else is the fabrication of our mind. 
Our familiar picture of the outside world must therefore 
be largely superfluous, but that it tallies well enough with 
external reality in certain particulars is shown by the steady 
advance of verifiable knowledge, e.g., the prediction of 
eclipses. 

We cannot pursue the fascinating question why our 
concept of the outside world appears so very different from 
any conceivable integration of the patterns of nerve im- 
pulses. It must lie in the properties of the mind which is 
not solely, nor even chiefly, concerned with exact apprecia- 
tion of facts. But in the study of the nerve impulse we 
view at least the bricks from which the mind must build 
its edifice of factual knowledge. 

The Kind of Nerve Studied 

While a nerve is in the living body it is rather inaccessible 
and thus most accurate measurements are only practicable 
after it has been dissected from the dead animal and set 
up in special apparatus. It might well be thought that nerves 
in this state were' so moribund, that the information 
obtained from them was inapplicable to living conditions. 
Fortunately this is not: so. 

If an aiiinial is Idiled quickly by almost any method 
{e.g., decapitation), though the animal is dead, the nerves 
of the body are alive. They remain capable servants, 



though, lacking a, master. Even after being dissected out 
they continue to respond to electric shocks in just llio same 
v.ay as they did in the living animal, and they may survive 
in this state for many hours or even days. So most of 
the observations made upon carefully dissected nerves 
apply pretty well to nerves undisturbed in the body. 

Now it might be thought that the nerves of man v/ould 
rdrow particular properties not exhibited in animals who.se 
nervous systems are less specialised. It appears, horvever, 
that specialisation has been concentrated upon the nerve 
centres, which become more and more elaborated as v/e 
ascend the - evolutionary scale. The siitiple transmission 
line— the nerve fibre — remains essentially the same from 
its earliest appearance in the- sea anemone, through worms 
and crabs and squids, to frogs, dogs and man. The study 
of human nerve conduction therefore need not wait upon 
the rare opportunity to dissect out a living human nerve, 
for almost any creature will serve. Frogs have been most 
commonly used, but we will first consider the giant nerve 
fibre from the squid, which on account of size may be 
studied more directly. 

The Resting State 

The giant nerve fibre of the squid is nearly a millimetre 
in diameter, wliich is some hundred times as thick as the 
nerves in our body. This nerve is a cylindrical tube whose 
wall is exceedingly thin and fragile, and whose contents 
are so fluid that they flow out of the cut end unless it is tied. 

To understand the cigarette analogy wc must learn what 
is the nature of the stored potential energy, and in what 
manner it is released so as to propagate an impulse. 
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Figure 7 
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iiie eiccliical condition of the fibre's interior has been 
found by inserting a fine electrical probe. Fig. 7 shows 
the nerve bathed in sea water to keep it from drying up. 
Dcvnii the centre is a fine wire sealed, in a glass capillary 
tube to insulate it except for the tip, T. The greatest care 
h needed in inserting the tube, since the nerve is fatally 
damaged if its wall is touched. But with sufficient skill 
the tube may be introduced and left in position down the 
iniddie of the fibre with so little disorganisation that the 
nerve survives and conducts impulses quite normally. 

Now if tlie wire is connected as shown through a volt- 
meter V to ihe sea water batliing the iiers'e, the instrunient 
will record iho potential across the nerve membrane. The 
voltmeter must not draw current, and actually a valve- 
amplifier was used in conjunction with a cathode ray tube, 
so that sudden changes in membrane potential due to the 
passage of the nerve impulse could be instantly recorded. 

Now in the resting state there is found to be a potential 
difference of about 1/20 volt across the nerve membrane, 
the inside being negative. This is analogous to the chemical 
potential of the interior of the cigarette and may clearly 
be the source of the energy required for the propagation 
of the impulse. 

Those who associate electricity chiefly with metals may 
be surprised to learn that the nerve is able to make its 
battery without metal pieces and with no other ingredients 
than are to be found in sea water. Such batteries are of 
no use in electrical industry, because they give hardly any 
current, but they arise in general whenever two difiorent 
salt solutions are brought in contact. 

in the case of nerve, the battery' of 1/20 volt is directly 
related to the chemical composition of the fluid inside the 
iierve. This fluid can be squeezed out and analysed, and 
It is found to contain potassium in a concentration 30 
times that of sea water. Why does not the potassium leak, 
out into the sea water? The' obvious suggestion is that 
the n.crve membrane is “potassium-tight'’, but this is not 
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the case. If some potassium is added to the sea avater out- 
side the iiervCj it will enter the nerve, actually going from, 
the disute to the concentrated solution,* as may be proved 
by direct analysis. But if potassium can pass through the 
membrane why does it remain concentrated inside? The 
reason is electrical. Potassium in solution has a positive 
charge which must always be neutralised by association 
’■vitli another chemical negatively charged, e,g. with 
chloride particles in sea water. Now inside the fibre the 
negative particles are part of the nerve protoplasm, so 
when the potassium seeks to escape from the interior it is 
held by its attraction to the protoplasm. An equilibrium 
is thus reached where the tendency of the crowded potas- 
sium particles to leak away is exactly compensated l3y the 
electrical potential difference (negative inside) impelling 
these positive particles to return. From the known potas- 
sium concentrations in sea and in nerve it is possible to 
calculate the membrane potential difference necessary to 
restrain them. This agrees with the value found by the 
experiment of Fig. 7. 

We thus conclude that the resting potential difference 
across the membrane is due to the fact that the inside of 
the nerve contains concentrated potassium which could 
escape, were it not for the electric attraction to the fixed 
protoplasm. 
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The Active Stale 

Novv, tiii-iiing rigain to Fig. 7 let us consider v/liat happens 
\viien the nerve is excited by applying a shock tiii'ougli the 
clecirodes S, situated some distance away from T. if the 
shocic is weak, nothing will be recorded, and if in succession 
stronger and stronger shocks are applied, p?:uctically 
nothing will be seen in the voltmeter record until suddenly 
the response shown in Fig. 8 appears. Shocks stronger tiian 
this “tiiresholcr’ value continue to give just the same 
record. The response is therefore like the cigarette glow, 
which is not elicited at all unless the lighter is hot enough, 
and winch is of the same brightness no matter how much 
hotter than, threshold the lighter may be (All-or-None). 
This record, then, is related to the energy release of the 
nerve iii activity, and repays closer inspection. The time 
scale is In thousandths of a second (msec.) so the changes 
are exceedingly rapid. The vertical scale gives the potential 
of the inside relative to the sea water as zero, and shows 
that the resting condition (1/20 volt negative) swings over 
momentarily to about 1/20 volt positive. The wave- is 
lireceded by a tiny upward notch. This represents the phy- 
sical spread of the stimulating shock. It is the only thing 
recorded when the stimulus is below thj-eshold strength, 
and it serves to show the exact instant when the shock was 
applied. The short interval between the application of 
the shock and the beginning of . the nerve response is the 
time taken for the nerve impulse to be conducted from S to 
T. Records obtained when S is moved further and further 
from T sliov/ corresponding increases in the interval 
between the notch and the wave in the records, and from 
such coniparison the impulse is found to travel at a con- 
stant speed of about 20 metres per sec. (=45 rn.p.h.). 

In suggesting that the electric wave is analogous the to 
glowing reaction of the cigarette we have implied tliai the 
wave is the energy change responsible for propagation. 
Suppose we had suggested that the wave was analogous 
to the smoke given off from the cigarette, this would have 
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of sodium chloride, but the inside of the nerve contains 
littis sodium, so that there is a disparity of sodium across 
the nerve membrane like that of potassium, but in tlie 
opposite direction. Now the sodium cannot be restrained 
by the electrical forces, since these actually urge positive 
particles inwards (as we have seen). So we must conclude 
that tire nerve is like a ship which will not allow the sodium 
of the sea to accumulate within, either because it is “sodiuffi" 
tigl-if’ or because the pumps are kept working (as recent 
work- witli radio-active isotopes suggests). 

Now .suppose that a shock breaches a hole in the ship’s 
side so that sodium pours in — for, though no visible hole 
is made, the electrical resistance of the nerve membrane 
suddenly falls nearly to zero. The inrush of positive 
particles juay well cause the'^ositive swing of the potential 
seen in Fig. 8, and sodium will replace some potassium in 
the protoplasm and thus account for the observed escape 
of potassium to the exterior. But how does the shock 
“breach a hole” in the nerve membrane? We are familiar 
with the material property of “giving way” before too 
great a strain. The safety valve will yield, or the boiler 
will burst, or the string will snap, or the electric insulation 
will break down, if the applied tension is excessive. Not 
so is the membrane response. 

There is a more subtle set of devices which we knov; 
well — knots, buckles, ratchets, catches and friction jams of 
all kinds. The trick about these things is that if you would 
loosen them you must first oppose the motion wliich is 
your ultimate object. Swell your belly and you may burst 
your belt, but it will never unbuckle that way. If you would 
ease yourself, first tighten a little. 
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The ner\’c mechanism lies in this class, for an eleclric 
current v.'ill only stimulate when it passes through the 
membrane in the direction opposite to that of the active 
discharge. The current has &st to depolarise the nerve, 
i.e., to lessen the resting electric strain. Tliis lifts a restrain- 
ing catch, and now the system rapidly discharges until the 
fall of the catch again restrains it. A row of bricks standing 
on end can propagate a wave of collapse (Fig. 10) in this 
vray. Each brick is a “catch mechanism*’ in that it needs 
the centre of gravity to be lifted a little before it can fall, 
and the fall of each releases the catch of the next. 

The Living Nerve 

We have considered the propagation of a single impulse 
along a stretch of nerve fibre, but to view this in its pers- 
pective as a bodily activity needs some extension both in 
time and space. 

Normally, impulses follow each other down a nerve fibre 
in more or less rapid sequence, wdiich brings us to the 
question of the recovery process, maintenance and fatigue. 

Again, the significance of an impulse train lies in what 
it does at the other end of the line, and this involves nerve- 
muscle action at one end and central nervous coordination 
at the other. 

The present account of nerve conduction will therefore 
conclude by touching upon these questions in order to 
show the nerve impulse a little more clearly in its biological 
setting. 

Recovery 

As soon as the wave of activity is ended at anx^’ place in 
the nerve, tliis place is ready to conduct a second wave. 
The fastest nerve fibres of our bodies can conduct up to a 
thousand impulses per second, though they are rarely 
called upon to exceed half this frequency. 

The fact that a nerve is ready to conduct again as soon 
as the last wave has passed, shows that the resting potential 
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energy is not all used up (as in the case of the cigarette) 
and this is confirmed by the return of the wave (Fig. 8) to 
the former resting potential level instead of to zero. 

Either, like the escapement of a clock, the catch falls 
again before very much of the potential energy has run 
down, or else, like a water closet tank, there is connection 
with a much larger reservoir, so that the tank may be 
emptied by the local action but is then rapidly refilled, 
from the reservoir. This last example constitutes quite 
a good analogy for what in fact is found. The discharge 
from the tank is independent of the strength of stimulus 
(AlI-or-None relation). Immediately after the discharge 
there is a short period during which a second discharge 
cannot be obtained, no matter how strong the stimulus 
(absolute refractory period). And following this there is 
an interval during which the stimulus required is greater 










Figure II -—Records of nerve impulses from the eye when a Jight 
is switched on. The top_ line in each group shows the illuminated 
period, the thick black line with fringe is the nerve-impulse record. 
A to E. progressively brighter light. 
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iincl the discharge resulting, is smaller than nornml (relative 
j'ei’ractory period). 

This latter property may be of great importance in 
iielping us to appreciate the world outside us, ¥/e IiavC' 
seen that the only way in which a nerve fibre can vary its 
message is by altering its rhythm. But the mformation 
which it seems to convey is about the strength of stmralus 
(c.g., brightness of light, severity of a pinch, etc.) not its 
rhythmic quality. Since a strong shock is needed to excite 
a second impulse rapidly after a first, only an intense 
stimulus will be able to generate the. highest frequencies 
of ' iinpuises. Inversely, it is likely that strong stimuli 
at the body surface are inferred when a fast train of im- 
pulses arrives at the brain. 


db above threshold 



Figure 12— Records of nerve impulses from the ear in response to 
louder and louder sound. The lower white line in each record shows 
when the stimularins soimti k ma/i** 



It would be misleading to. ..suppose that the foregohig 
was the only or even the main causal chain between the 
intensity of stiniiilus- and the. nerve pattern received by the 
brain, but it shows one way in which the brain may 
appreciate stiiirahis strength, despite the unvarying size 
of nerve response. Actual records from a single ne.rve 
fibre of the eye and the ear are shown in ?igs. 1.1 and 12. 
The stronger the light or sound, the more closely the 
impulses follow each other, but there is no change in their 
size. 

Fatigue and Maintenance 

We are familiar with one idea of nerve fatigue— the con- 
dition which is cured by sleep, or a holiday, or even a change 
of work. Whatever this phenomenon may be, it certainly 
is not a property of conduction in the nerve fibre. For 
nerves will continue to conduct impulses at the rate of 
lOO per second for hours on end without showing any sign 
of fatigue, and in cases of complete “nervous exhaustion” 
the nerve fibres still appear to be normal. No, nerve 
fatigue is an affection, not of the fibres but of the nerve 
centres (brain and spinal cord), which have some properties 
very different from those we have been considering. But 
though our nerve fibres are unfatiguable in ordinary cir- 
cumstances, they need a more or less constant blood supply 
if they are to maintain their function. 

If we stay for some time with one knee crossed over the 
other, the upper foot may “go to sleep” and become quite 
numb. Many people suppose that this is because the artery 
behind the knee has been compressed and so the foot is 
deprived of its blood supply. You may satisfy yourself that 
this is not the case, however, on the next occasion that your 
foot goes to sleep. For, while maintaining the “numbing 
position” of the legs it is easy to insert a finger behind the 
knee and feel a clear space there with no contact, far less 
compression, upon the region where the artery runs. More 
convincing still, the pulse may be distinctly felt in the foot. 
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There are two places on the foot where a pulse may nor 
mally be felt, though not so strongly as at the wrist, Oii! 
is in the midline in front at about the level of the ankh 
bones, and the other is just beliind the inner ankle bone, 
These pulses may be felt to beat quite normaily when the 
foot is “asleep”, proving with certainty that leg-crossing 
does not cut off the blood to the foot. 

What is compressed, however, is a nerve which runs 
over the bone (neck of the fibula) on the outer aspect of 
the leg just below the knee. Tliis comes nicely in contact 
with the knee-cap of the lower leg and so the nerve is 
pressed between the two bones. But, it may be asked, “If 
the nerve is pressed near the knee why is it the foot that 
becomes numb?” 

Perhaps you have given this nerve a knock (as I often 
have) when carrying a suitcase. You will then have noticed 
that in addition to the ordinary sense of being knocked, 
there is a special tingling chiefly in the foot. 

Nearly everyone has experienced a similar thing on 
knocking the “funny bone”; though the inner aspect of 
the elbow is struck, the special tingling is felt in the region 
of the little finger. 

Now if by anatomical dissection we trace the course of 
these nerves which lie near the surface at knee and elbow, 
it is found that the fibres end in the very places where the 
tingling is felt. So it appears that if we bump or paralyse 
a nerve trunk, we get tingling or numbness “referred” to 
the place where the fibres have their distant endings. 

This result is a necessary consequence of the idea, stated, 
earlier, that our only information of the outside is conveyed 
by nerves in unit impulses. For since the impulse v/hich 
arrives at the central nervous system is the same whether 
it starts at the nerve ending or is generated by a bump 
on the “funny bone” half way up the nerve, the centre 
cannot distinguish between the two and simply says “I 
am getting impulses in the fibres wliich normally conduct 
itora the little finger”. In the same way when the leg nerve 


siiiuiilated electrically by the nerve action current. But 
’■vhere tliis has been most carefully studied it is found not 
to be the case. , , 

In considering earlier the objections to stimulation by 
iiormones, we noted that the chemical message travelled 
100 slowly and was broadcast ■ too freely. Both these 
objections would be overcome if the hormone were secreted 
3 iot by one general gland discharging its products through 
the blood stream, but by a sprinkling of minute gland 
elements situated one at the termination of each nerve 
libre. For the message would travel swiftly down the 
nerve, and the hormone would be intimately applied to 
the structure at its termination. In the case of every nerve 
which conducts away from the centra! nervous system it 
has been found that there is in fact such a hormone secreted. 
The hormone is not the same for all nerves, but in each 
particular case it is found that the next cell (muscle, gland 
or another nerve cell) is sensitive to the external application 
of this particular hormone. Thus there is strong reason 
to suppose that the nerve ending stimulates by the intimate 
application of a minute dose of hormone. 
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rig. 13 shows schematicaliy the sympathetic nerve relay 
-.vlijch j'nns from the spinal cprd to the heart and makes it 
beat faster. The first nerve rans out from the spinal cord 
to a norse centre (ganglion) in the neck. Here it secretes 
aceiylclioline, which hormone wili excite the second nerve 
leading to the heart. The i second nerve ending secretes' a 
diuerent hormone, adrenalin, which acts upon the heart 
and quickens the beat. The heart is quickened in the same 
vn.y v/hen adrenalin, synthesised chemically, is injected into 
a vein and in this manner carried to the heart, or when the 
adrenal gland (a typical honnone-prodiiciiig gland) pours 
adrenalin into the general circulation. In the latter cases, 
however, the eirects are not simply confined to the heart 
but are vv'idsspread, and appear after a greater delay owing 
to slow blood transport. 

We have spoken of the special properties of the endings 
of outgoing nerves. What of the incoming nerves that 
ramify in the tangle of the central nervous system; do they 
operate by electricity or do they also secrete a single 
hormone or one of many ? 

As yet we do not know. There are many close analogies 
between central nervous conduction and the peripheral 
conduction where hormones are found to act. But we 
may not conclude that hormones must act centrally too, 
because there are many central features which have no 
peripheral counterpart. Moreover Nature has a trick of 
producing the same end result by totally different kinds of 
mechanisms, so we must exercise caution in the application 
of analogy. 

The reader must therefore be left to speculate for himself 
how far liis nervous coordination, his reinforcements and 
ills inhibitions are due to the accumulation and antagonism, 
the drift and the destruction, of chemical agents in his 
braiu. 


H ' H C,H3 

water alcohol ether 

Here lie is, in effect, giving to an atom of oxygen the 
power to combine vvith two groups— -what was later called 
a valency of two. 

In 1852 Edward Frankland took a further step forward 
and, as a result of his studies of the organic compounds 
of nitrogen, phosphorus, arseiuc and antimony, came to 
the conclusion that an atom of these elements would 
combine with three or five atoms of hydrogen, chlorine, 
iodine or oxygen (0=8). A. S. Couper, in 1858, introduced 
the idea of the quadrivalency of carbon and the familiar 
valency bond of today. Couper unhappily fell ill and it 
was left to Kekiile to develop these ideas. In this year, 
Cannizzaro wrote his famous pamphlet which established 
true values for atomic weights, and these, with the idea of 
Yaler4,cy (combining power) and valency linkages, allowed 
structural chemistry to begin its course. 

The relationships between the valencies, chemical 
properties and atomic weights of the elements is bound up 
with the Periodic Law of Mendeleeff. The central idea of 
this, that there were relationships between the atomic 
weights of chemically similar elements, came near to dis- 
covery in tliis country, for the tables of the elements put 
forward by John Newlands and by William Odling con- 
tained the essential idea of Mendeleeff, diougli they lacked 
the masterly exposition of the evidence and exploration 
of the consequences that distinguished the work of the 
Russian savant. 

The greatest contribution of British men of science to 
the problem of the relationships^ betv/een the ’.'alencies, 
properties and atomic weights* of the elements was the 
brilliant scries of researches, employing physical tech- 
niques, that led up to the theory of the structure of the 
atom. We may first remember the hypothesis of William 


Prout (1815) that all atomic weights \^-cre exact multiples 
of tliat of hydrogen, which, although contrary to the facts 
tlieii known, was found after the discovery of isotopes 
to have a substratum of trath. Then we turn to William 
Crookes's investigations of cathode-rays (1879), which 
seemed to him to contain a ‘fourth state of matter'. 
J. J. Thomson in 1897 proved these rays to consist of 
streams of negatively charged particles very much lighter 
than the lightest atom. These particles, later called ‘elec- 
trons’, could be elicited from every kind of matter and 
formed the first evidence of a factor common to all the 
elements. At this time X-rays had been discovered by 
Rdntgen and this had led to the researches of Becquerel 
and the Curies, which established the existence of radio- 
activity and its association with certain metals. The nature, 
of this phenomenon was first made clear by Ernest 
Rutherford and Frederick Soddy, who showed that radio- 
activity was the disintegration of atoms and that the 
radioactive elements were being transmuted into other 
elements. Soddy’s discovery of isotopes, elements of 
apparently identical properties but different atomic weights, 
explained the anomalies that had been noticed in the 
Periodic Table, and, since that date, F. W. Aston’s invention 
of the mass spectrograph, a development of J. J. Thomson’s 
positive ray-apparatus, has showm that almost all elements 
are mixtures of isotopes. The disintegration theory of 
radioactivity led Rutherford in 1911 to put forward the 
nuclear theory of the atom, giving evidence that it con- 
sisted of a positive nucleus, minute but possessing nearly 
all the mass of the atom, surrounded by a cloud of electrons. 
The nucleus of the hydrogen atom he called the protort. 
This theory gave a theoretical foundation for the periodic 
table. The number of the element in the table, starting 
from hydrogen as 1, was taken to be the nuclear charge, 
and tliis was proved by H. G. J. Moseley who, utilising 
Bragg’s method of X-ray spectroscopy, was able to deter- 
mine the atomic number of an element from the frequency 



of tlie X-rays emitted by it whea used as target in a cathode- 
ray tube. On these British researches • Niels Bohr founded 
iiis brilliant theory of the structure of the various atoms, 
and the groups of electrons that characterise the elements 
of each group of the periodic table. This work also led to 
the understanding of chemical combination, for N. V. 
Sidgwlck, gathering together a number of partial explana- 
tions. showed how the Bohr atom accounted for the three 
difrerent types of valency — the electrovalency of salts, the 
covalency of organic compounds and the co-ordinate 
valency of the ammines and other such compounds, and 
thereby opened: up many new lines of research. 

This work has thus brought us to a useful, if not complete, 
knowledge of the relationship between the different types 
of atom, and of the manner in which they combine. The 
deduction of the arrangement of the atoms in the molecule, 
indicated by the structural formula of chemical compounds, 
has been perhaps the principal work of chemists during 
the past century. It is impossible to recount the various 
methods employed, for each compound presents a different 
problem ; suffice it to say that reasoning based on observed 
properties and reactions has settled the formulae of all 
the simpler compounds known to us, and in recent years 
tliis has been supplemented by several physical methods. 

But in chemistry we do not deal with single atoms or 
molecules but with aggregates of them — solids, liquids, 
gases, solutions and mixtures — and so the study of the 
physical properties of the various chemical compounds 
has proved to be necessary to the understanding of tlicir 
chemical reactions. No part of Physical Chemistry, as this 
study is termed, has been more important than the investiga- 
tion of the properties of gases. The first president of the 
Chemical Society, Thomas Grabam,* discovered the laws 
of diffusion of gases, which gave us a new means of deter- 
mining their densities and the; first physical means of 
separating two gases. A tremendous amount of fmida- 
* See Plate 32. 



mentd physical and mathematical work on the kinetic 
theory of gases was done hy such men as Clerk Maxwell, 
Joule and Kelvin, though this belongs rather to physics 
than to chemistry ; but a very important contribution, both 
theoretical and. practical, was made by the many British 
chemists who studied the liquefaction of gases. Davy made 
a beginning, and Faraday, between !S23 and 1845, liquefied 
all the known gases that could be condensed by cooling 
to --110°C. at pressures up to 50 atmospheres. Certain 
gases resisted his efforts, and Thomas xAjidrev.'s in 1869 put 
forward the theory of the critical state^ and thereby showed 
the impossibility of liquefying gases above their criiical 
temperatures. Efforts to liquefy such gases as oxygen, 
nitrogen and hydrogen continued to have small success 
until 1895~6, when Linde in Germany, and .lames Dewar 
and William Hampson in England, made use of the Joule- 
Thompson principle (1853) that a gas is considerably 
cooled wheii it is allowed to expand from a stats of high 
compression. This, combined with regenerative cooling, 
led to the liquefaction of all known gases by 1898, in which 
year Dewar liquefied hydrogen. M. W. Travers, in 1900, 
made a small and simple laboratory plant for this purpose 
and so opened the way to the low-temperature researches 
which have been essential to so many of the, discoveries of 
the last forty years. 

The contribution of British men of science to the theory 
of the structure of solids has been fundamentai. During 
the nineteenth century our countrymen took only a modest 
part in crystallography, hut in 1912 came the epoch-making 
discoveries of W. H. and W. L. Bragg, who developed 
Lane’s discovery, that X-rays are diffracted by crystals, 
into their famous method of interpreting crystal-structures 
by means of measurement of the intensities of X-rays 
reflected by crystals at different angles. Within a few years 
they discovered the fundamental patterns or ‘■lattices’ that 
determined the form of the chief kinds of crystals, and as 
time went on they were able in many cases to discover the 


exact positions of tiie atoms in the inoiecules of chemical 
coiiipoiiiids — wtiich the chemists had spent a century in 
deducing by indirect means. They showed the distinction 
between the structure of bodies ionised in the solid state 
and those not ionised ; and they proved that true salts are 
cornpicteiy ionised as solids. Their methods settled the 
constitution of the oxides. The fruitful conception of the 
gkmt ytioieciile, the solid w-hose atoms are linked by chemical 
forces into a mesliwork that continues throughout the 
whole mass, was a revolutionary and fimitful one. X-ray 
methods have proved capable of indicating to us the struc- 
ture of such complex compounds as the silicates, and of 
many complex organic compounds such as rubber, proteins, 
synthetic plastics and the like. The electron-diffraction 
methods, developed by i. M. Robertson and others in 
recent years, have enabled us to make exact maps of the 
molecules of organic compounds and proved invaluable in 
discovering the structure of penicillin. Thus the study of the 
reflection and diffraction of X-rays and electrons by matter 
has not only opened up to the chemist fields formerly 
deemed inaccessible, but has wonderfully confirmed the 
notions of their structure that the chemists of the nineteenth 
century had deduced from their reactions and has become 
a valuable tool for the discovery of the structure of 
molecules. 

The state of ‘solution’ has received a good deal of 
enlightenment from British chemists. The diffusion of 
dissolved substances and the phenomena of osmosis were 
first studied by Thomas Graham in 1 850, and even earlier 
much attention had been given to their electrical properties. 
The theory of electrolysis was chiefly developed in this 
country. Dav>'’s discovery of sodium and potassium in 
1807 by passing an electric current through their melted 
compounds astonished the world, and his work gave a quali- 
tative idea of electrolytic phenomena. Faraday in 1833-4 
made the absolutely fimdamenta.1 researches which led to 
the precise quantitative laws of electrolysis that bear Ms 



name, and tills work was followed up by Daniell, who also 
(like Grove, Smee and others) invented a useful elsctrical 
cell The practical side of electrolysis, namely eiectro- 
platiiig, was developed in the years round 1840 by John 
Wright and the brothers Elkiiigton. 

In the great period of electrochemical research no 
English chemist attained the eminence of an Arrhenius, 
Ostwald, or Nernst, though a good deal of valuable work, 
especially on the hydrolysis of salts, and on conductivities, 
was contributed by Englishmen: in this connection the 
work (1910) of Harold Hartley on the conductivities of 
solutions other than w'ater is particularly notable. 

The chemist studies not only solids, liquids and gases, 
and solutions or homogeneous mixtures of these, but also 
the heterogeneous mixtures which are grouped under the 
name of colloids. The study of colloids was initiated by 
Thomas Graham, the first President of the Chemical 
Society, in the years 1861-4. Faraday had indeed investi- 
gated the brightly coloured gold sols (fine suspensions of 
particles of gold in water), but Graham first distinguished 
the class of colloids — substances which in solution diffused 
slowly or not at aE, did not form crystals nor show the 
definite reactions of crystalline substances of the same 
chemical class. He introduced much of the terminolog}' we 
still employ, including the words coEoid {kolla, glue — the 
substance Graham considered to be typical of the class), 
sol and gel, and he discovered the process of dialysis, by 
which colloids could be purified. We have since learned 
that colloids are not a class of chemical substances, but 
rather a state which most, if not aE, substances can assume. 
The importance of coUoid studies for biology was clearly 
understood by Graham. In 1892-5 Harold Plcton and 
S. E. Linder came to recognise the important phenomenoii 
of electrophoresis, “the repulsion of a dissolved substance as 
a whole from one pole to another when we immerse, in 
the liquid, electrodes connected with a galvanic battery”, 
a process which has proved to be of practical value in many 
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industrial processes. They likewise grasped the fact that 
there was a coiitinuous .series of grades of solution passing 
from suspensions tlirough colloidal solutions to crystaliis- 
c;.b'ic soiiitions. The theory of colloids was niuch fiirtlier 
developed by F. G. Donnan and his school who originated 
the theoretical study of emulsions, which has now been 
translated into practice in numerous industries concerned 
witli rubber, milk, lubricants, detergents and many other 
products. 

Since 1912 extremely interesting work has been done on 
mono-la 3 ?ers. In 1912. W.' B. Hardy showed that if the 
‘stray-field’ of force from the molecules in a liquid were 
unsymmetricai a surface skin must be formed having all 
tlie molecules oriented in the same way. The Cambridge 
School under Rideal, and N. K. Adam at Southampton, 
ha\'e made extensive studies of surface pressure and have 
shown that these fihns can exist in states analogous to the 
solid, liquid and gaseous states. 

The researches we have hitherto described are concerned 
with the structure of atoms, molecules, and aggregates of 
molecules— solids, liquids, gases, solutions, colloids; but 
the most characteristic part of the chemist’s work is the 
study of chemical change — the recording and explanation 
of the manner in which compounds react to form other 
compounds. This again involves an enormous number of 
particular researches into the behaviour of every known 
compound, but nevertheless there are some general prin- 
ciples that apply to all types of chemical change. Much 
theoretical work has been done on the factors which will 
increase or decrease the numbers of contacts or collisions 
between molecules. The effect of concentration or dilution, 
high or low pressures in gases proved fairly easy to study, 
but the effect of temperature and of catalysts (bodies 
present in minute quantities, which alter the speed of 
reactions without themselves being changed) \\'as a much 
more difficult task, by no means complete even now. The 
measurement of the rate at which chemical change takes 
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place is tlierefore of the first importance. One of the earliest 
5l;u.dies of the rate at which chemical reactions proceed was 
the researclies of A. Vernon Harcourt and W. Essoii in 
1S66, on the reaction of permanganic and oxalic acids, 
and Sir James Walker’s studies of the rate of cliange of 
ammonium cyanate into urea (1895-1903) added greatly 
to otir knowledge. The method used by Hartridge and 
Rougliton (1923) for studying very rapid reactions was 
most ingenious. They chose two reactants which underwent 
a visible change on combining, and passed them at a known 
very liigh speed through two arms of a Y-shaped tube; 
the e.vtent of their reaction could be estimated by the extent 
of visible colour change, and the time that cliange took by 
the distance along the stem of the Y at which it was 
apparent. A. Lapwortli (1904) and K. .f. P. Orton (from 
1909) studied the speed of reactions of organic compounds 
and began the fruitful work of deducing their mechanism 
from their velocity, work wliich has since been carried 
much further by Robert Robinson and others. A. Lapworth, 
Robert Robinson and C. K. Ingoid have investigated 
organic reactions from the point of view of ionje reaction- 
mechanisms, while W. A. Waters and D. B. Hey have 
shown that free radicles or atoms are concerned. Other 
workers (Poianyi, Hinshelwood) have investigated the 
nature and magnitude of the forces concerned. 

The work of C. N. Hinshelwood, since 1922. on the rate 
of reaction of mixtures of gases, has been of great import- 
ance. He has established the broad validity of the collision- 
theory of reaction-velocity, formerly held on rather slender 
grounds ; he has shown how the influence of molecular 
structure, soi\unt and other features on reactivity could be 
analysed and interpreted in terms of activation energy and 
probability factors.* 

The phenomenon of catalysis was, from the iirst, 
extensively studied in this country. Davy in 1817 and 
Faraday in 1833 investigated the catalytic action of plat- 
* See “Not too fast, not too slow” in Science News 1. 


imim, William Deacon in. 1868 discovered the process of 
maUtig ciiiorine by the reaction of hydrogen chloride and 
ataicspheric oxygen in the presence of a catalyst ; and this 
catalyst (a copper salt) he selected on theoretical grounds 
aiiu not. as is usual, by a chance observation. The puzzling 
effect of intensive drying in inliibitiiig chemical reactions 
was hrsi noticed by Mrs. Fuihame in 1794 for the case of 
carbon monoxide and oxygen, which react with difficulty 
when dry. This was rediscovered by H. B. Dixon in 1884, 
and H. B. Baker devoted a lifetime’s work (1 885-1 929) to 
these phenomena of intensive drying, which still remain 
obscure. W. A. Bone, from 1902 onward, investigated the 
effect of surfaces in promoting the burning of hydrocarbons, 
and so \\'as led to the invention of surface-combustion as 
a means of industrial heating. Since catalysis is of the first 
interest both in theory and industrial practice, great 
attention has been given to it in recent years. The study 
of the adsorption of gases by solids has proved to be 
fundamental to these studies. 

One of the most important conceptions of chemical 
kinetics is the chain-reaction,* wherein the reaction of one 
molecule imparts to another the energy needed to cause it 
to react, thus giving rise to linear sequences of reacting mol- 
ecules. The name of Hinshelwood may perhaps be singled 
out as the leader of the chief school of this type of research. 

The effect of light upon chemical reactions was first 
studied in connection with photography. Thomas V7edg- 
wood and Sir Humphry Davy (1802) produced images 
on paper treated with silver nitrate, but could not fix them, 
Niepce and Daguerre, on the continent, showed how to 
produce permanent photographs, but their methods gave 
only one picture, and modern photography was initiated 
by W. H. F. Talbot who produced the first permanent 
photograph on paper (fixed by concentrated sodium 
chloride solution). In 1839 William Herschel discovered 
fixation by ‘hypo’ and in 1841 Talbot discovered develop- 
See “Chains” in Science News HI. 
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nieni by gallic acid. Talbot used only waxed paper 
negatives, but F. Scott Archer in 1846 introdiiccd wet 
collodion plates, v/hile the dry gelatine films, which have 
been developed i;ito the modern type, were introdneed by 
R. L. fvladdox (1861). The work of F. Hunter and V. C. 
Bririleid (1890) on the speed of plates is well known. 

Dr. S. E. Sheppard, in 1927, made the important discovery 
of the ‘sensitising specks’ on the silver bromide grains in 
the eimilsioa, which led to the possibility of prodneing 
plates of iiigli and uniform sensitivity. Since 1920 infra-red 
sensitising dyes have been much developed. i 

In the field of pure photochemistry, we must note the 
fundamental law of .1, W. Draper (1841) enunciating that 
only light actually absorbed can produce photochemical 
action. Much work has been done on the effect of light 
upon the reaction of hydrogen and chlorine, but some 
obscurity still remains, after nearly a century of study: 
and the same may be said of the most important of all 
reactions, the photosynthesis of carbohydrates by plants, 
greatly studied by E. C. C. Baly. The chief activity in photo- ■ , 
chemistry at the present day is the study of the decom- 
position of organic vapours by light. i: 

The importance of our coal, gas and metallurgical ■ 
industries has prompted many of our chemists to the study ; 
of the combustion of fuel gases. Sir Humphry Davy’s I 
discovery of the safety lamp arose from his researches into 
flame and explosion: Faraday made further contributions, 

A new era began in 1880 with the work of H. B. Dixon on 
the rate of explosion and ignition temperatures of various 
explosive mixtures of gases. A Smithells showed us how 
to obtain specimens of gases from the inferior of flames. 

The problem of the mechanism of combustion of hydro- 
carbon gases has been deeply studied by \Y. A. Bone and ! 

his collaborators between 1892 and 1912, H. T. Tizard ' 

and D. R. Pye in 1922 did much indeed to clear up the 
problem of detonation of fuel-gases in the cylinder of the 
internal combustion engine, but there is here still much 
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room for investigation. The, development of the theory of 
cliaiii-reaciions by Hiushelwood and his colleagues has, 
hov;ever. ck-nred up most of the difficulties conceriiir.g the 
explosion of mixtures of hydrogen and oxygen and has 
given us fundamental principles for the understanding of 
gas reactions. This will lead, we hope, to a fuller mider- 
standing of the nature of the reactions in the internal 
combustion engine. 

The results of the investigation of natural products, the 
preparation of new compounds and the study of their 
properties has gone on continuously and the results fill 
thousands of volumes. We can here only note some out- 
standing researches or groups of researches in inorganic 
and organic chemistry. 

British chemists have not only made important con- 
tributions to our knowledge of inorganic chemistry, but 
were also the founders of the heavy-cliemical industry. At 
the beginning of the nineteenth century Davy’s discovery 
of the alkali and alkaline-earth metals (sodium, potassium, 
calcium, barium, magnesium) was of fundamental import- 
ance. Among a number of nineteenth-century researches, 
we may note Thomas Graham’s work on the arsenates 
and phosphates as giving us the first clear formulation 
of the idea of the basicity of salts. B. C. Brodie (the 
younger) did interesting work (1850-65) on the peroxides 
and on ozone and proved that the formula of the latter 
substance was Oa. The work of H. E. Roscoe on vanad- 
ium, at about the same period, w'as a classical piece of 
research, establishing its true valency and atomic weight, 
so enabling Mendeleeff to assign it to its true position 
in the periodic table. The disdovery of thailium by Sir 
V/illiani Crookes and his investigation of its compounds 
was another fine piece of work. Crookes’ researches on the 
rare-earths were valuable also : we have to remember also liis 
discovery of glasses, capable of cutting olf both ultra- violet 
and heat rays, for use by glass workers exposed to fierce heat, 
in Crookes also played a minor part in the greatest of 
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British inorganic researches, the discovery of a whole group 
of new eiemcuts — the inert gases, helium, argon, neon, 
krypton, xenon. 

Lord Rayleigh had been attempting to obtain a very 
exact value for the density of nitrogen and in 1892 he 
fo^iiid that the nitrogen he obtained by depriving air of ail 
other known constituents was slightly denser than that 
obtained from compounds of nitrogen.. In 1894 Vv-iiliam 
Ramsay joined in the research and both Ramsay and 
Rayleigh were successful in isolating from air a new 
element, a gas of density 20.01, which appeared to be 
totally unreactive. It was named argon, and Crookes’s 
spectroscopic examination proved it to be a^new element 
or mixture of elements. In 1895 Ramsay obtained a gas 
from the mineral cleveite, and sent a specimen for spectro* 
scopic examination to Crookes, who identified a yellow line 
in its spectrum with the yellow Dj line which Frankland 
and Lockyer many years before had observed in the solar 
spectrum and had attributed to an unknown element which 
they called helium, now' for the first time discovered upon 
earth. Ramsay and M. W. Travers then systematically 
searched for further inert gases, and after- 1898, when 
Hampson’s process had made liquid air available, the 
heavier inert gases krypton and xenon were discovered in 
the highest boiling fraction, and neon in the lightest. Thus 
in the six years 1894-1900 there were added to the periodic 
table five new elements, constituting a group soon to be 
completed by niton (the radioactive emanation), the 
determination of the atomic weight of which by Whytlaw 
Gray and Ramsay, using the microbalan.ce, was a trimnph 
of technique. 

In the early twentieth, century the principal field for 
new'- work was the investigation of the chemistry of the 
radio-elements, carried out in this country by Rutherford, 
Soddy and others. After the Bohr theory of the atom 
had thrown so much light on problems of valency inorganic 
chemistry w'as largely directed towards the study of the ' 
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covalent and co-ordinated compounds of tlie metals, and 
the space-relationships .of their compounds. The most 
recent development of all is the production of new eiemeiits 
and isotopes by bombardment of eiemerds with neutrons 
or other particles, but this so-called nuclear chemistry, 
u hich culminated in the triumph of nuclear fission and the 
syniliesis of se’verai new elements, such as neptiiniiim and 
plutonium, is really a branch of physics, though chemistry 
has played an indispensable part in the separation of the 
new elements from the parent mass. 

So much for the field of pure inorganic chemistry ; v>'e 
must now pass to a brief survey of the British heavy- 
chemical industry. This industry began well before the 
period of modern chemistry. Ward" and Roebuck founded 
the sulphuric acid industry in the eighteenth century : later 
came Hill’s substitution of pyrites for sulphur, thereby 
further lowering the price of the acid. Charles Tennant’s 
invention of bleaching powder increased the demand for 
chlorine and thereby for sulphuric acid. The Leblanc 
process for making soda, though first brought into use in 
France, was chiefly developed here, and led to the invention 
of several processes for disposing of its waste products. 
William Gossage (1835) began the conversion of the waste 
hydrogen chloride into hydrochloric acid and William 
Deacon (1868) showed how to convert it into chlorine. 
Very important also was Weldon’s method (1868-70) of 
recovering the manganese used in the manufacture of chlor- 
ine. The treatment of the other by-product, alkali -waste, 
was made possible by A, M. Chance’s process for recovering 
sulphur from it. Despite these improvements and economics 
the Leblanc process had to give way to the Solvay process, 
wliicli, although a Belgian invention, was largely perfected 
in this country by Ludwig Mond, who in the course of 
these researches invented thd Mond producer, and was led 
to the discoveiy of nickel carbonyl, which could be used 
to separate pure nickel from all other elements— so founding 
another industry. 
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Retiirniag fco the manufacture of suipliuric acid, we must 
note the invention of the Glover tower (1859) which 
further brought into, practical use the Gay-Lussac towers 
invented in 1S27. Meanwhile Peregrine PhilUps in 1831 
invented the ‘contact’ process, though it was not till 1875 
that W. S. Squire and R. Messel made it capable of indus- 
trial application. 

Many industries must be left almost unnoticed in a 
brief survey, hut the work of Accum and others (c. 1819) 
on the recovery of ammonium salts from ammoniacal 
liquor of the gas-works was the first step towards the 
fertiliser industry that developed from it late in the nine- 
teenth century. The real founder of this industry was 
J, B. Lawes, who invented superphosphate in 1842 and 
thereby again increased the demand for sulphuric acid. The 
Portland cement industry was also developed in this country ■ 
by a number of inventors and manufacturers. 

Some of our greatest discoveries have been in metallurgy, 
We may mention the cyanide process for separating gold, 
and the processes of Parkes and Pattinson for separating 
silver from lead. But by far the greatest were the researches " 
that have led to improvements in the manufacture of iron 
and steel. Though these belong as much to engineering as 
to chemistry we must remember the names of Bessemer, 
Siemens, Gilchrist and Thomas, Hadfield, Roberts-Aiisten 
and other metallurgists as founders of our modern industrial 
developments. 

Between 1750 and 1880 Britain was the leader in the 
heavy chemical industry, but in the years 1880-1914 she 
fell behind. In the last thirty years, however, the chemical 
industry has taken a fresh start and the British chemical 
industry is the most important in the eastern hemisphere. 

Tills defection and revival is even more noticeable in the 
field of organic chemistry. 

Some of the earliest British work on organic chemistry 
was important as throwing light on the problems of valency 
and atomic weight. Such was the work of Williamson on the 
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Cu.:Si;.LL5tiou of alcohol and ether, and Fraiiklaiid’s classical 
researches on the organometallic compounds. The work 
of Coupcv luii already been mentioned as contributing to 
ili.e idea of graphic formuls.: and the work of Alexander 
Crum Bro-'vri in proving the equivalence of the four valencies 
of carbon was an essential step towards modern organic 
chemisiry. Kekule’s discovery of the ring-forniula for 
bermena was made in England— on the top of a bus, we 
are told — and W. H. Peridn’s synthesis of hexaliydro- 
benzene from hexylene bromide and sodium was a strong 
piece of evidence for it. 

it may be said that in the nineteenth century organic 
chemistry was more cultivated on the Contiiient than in 
England, thoi’gh we can record a number of pieces of work, 
such as Franklaiid and Duppa’s famous acetoacetic ester 
syntheses and W. H. Perkin’s fundamental work on the 
aniline dyes. In late years, however, and especially since 
1920 there has been a great revival of organic chemistry, 
so much so that the greater part of the Journal of the 
Chemical Society is devoted thereto. It is impossible 
indeed to do more than allude to some of the main trends. 

On the theoretical side, the influence of groups of atoms 
already attached to the benzene ring upon the position of 
attachment of other groups added to the ring later, has 
been, much studied in this country, e.g,, by H.E. Armstrong 
(1887) and later by Cmm Brown and Gibson, whose well- 
knov/n rule (1892) predicted the true results in a majority 
of cases. Since that time a mass of most important work 
concernin,g the mechanism of organic reactions has been 
done, and Lapworth, Lowry, Robinson and. Ingold, 
between 1920 and 1926, initiated the electrochemical 
theory of the course of organic reactions. They envisaged 
a drift of electrons to one end of a molecule, caused l>y 
induction and also by another efiect, the electromeric. 
This drift activates or deactivates the aromatic nucleus (the 
benzene ring), the attacking reagent seeking the point of 
high electron-density. The. electromeric effect, mentioned 
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above, proved to be in remarkable consonance ^vi^h physical 
stiidies of resonance. This work has explained a great 
niiiiiber of organic reactions which had never beeii. satis- 
factorily accounted for. The work of Thorp and Jngold 
on taulomerisin, of C. A. Waters and his school on free 
radicles, and the work of Sidgwick and Ills school on the 
a.pparent cases of bivalency of the carbon atom have, 
indeed, gone far to remove the anomalies of classical 
orgardc theory. 

Much work and ingenuity and imagination have been 
expended on unravelling the structure of natural organic 
compounds. The group of terpenes (including many per- 
fumes, essential oils, and also rubber) were investigated 
by Vd. H. Perkin (jiin.) and by William Tilden, the first 
to synihesise rubber. The alkaloids were also investigated 
by Perkin, but the pre-eminent work in this field is that of 
Robert Robinson. The chemistry of the carbohydrates 
has been largely elucidated in this country. The work of 
C. F, Cross and E. J. Sevan on cellulose led to the discovery | 
of viscose, chief source of artificial silk. T. Purdie, J. C. 
Irvine, W, N. Haworth and E. L. Plhst have carried on '1 

the tradition begun by the rnethylatioii technique of the 
first-named and have transformed this difficult branch of 
organic chemistry. Some progress, largely tlirough X-ray 
methods, has been made tow^ards the investigation of the 
proteins, the material of life, but there is still a great deal 
to be discovered in that field. The natural colouring, matters d 
of plants have been successfully investigated, clilelly by S 
R.obinson. The vitamins^ of which the discovery was due 
ill a large measure to the pioneer researches of Six iTcderick • • 
Gowland Fiopkins, have received a great deal of attention. 

The D group of vitamins and certain of the hormones 
belong to the group of steroids which have presented par- 
ticular difficulties in their investigation, largely overcome 
by Heilbron, and by Robinson and their schools. We 
may mention here the remarkable work c>f Harington In 
synthesising the active principle of the thyroid gland and 
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tlie great ■■..vorl; done at Oxford and elsewhere in the investi- 
gation and attempted syntheses of peniciiliii by the team of 
workers headed by Sir Howard Florey. 

The Britisli t)rgaiiic chemical industry was founded, we 
may think, by \V. H. Perkin, who, in 1856, when only 
eighteen years of age, discovered the famous dye, mauve, and 
set up the first synthetic-dye works. In 1869 he synthesised 
alizarin, the active principle of madder. In the period 
between 1856 and 1887 British chemists and firms initiated 
a great number of important dyestuffs and groups of dye- 
stuffs, but from the eighteen-eighties onward Germany 
captured more and more of this industry. Moreover, since 
the same kind of equipment and personnel is needed for 
the synthesis of drugs as of dyes, the new synthetic-drug 
industry which began in the eighties was almost entirely 
German. The war of 1914 gave us a rude awakening. It 
was necessary to btiild up a fine-chemical industry at short 
notice, an^ between the wars it was not allowed to lapse. 
Such remarkable dyestuffs as celaden jade green, phthalo- 
cyanine, and the aminoantliraquinone dyestuffs for acetate 
silk have been disco\'ered and produced in this country. 

The British fine-chemical industry has contributed 
splendidly to the conquest of disease. The production of 
synthetic vitainins is an example, but the greatest has been 
the investigation and production of the chemotherapeutic 
agents such as sulpliapyridine, sulphathiazole, sulplia- 
diazine and most recently penicillin. Rarely can any 
industry have saved so many lives. 

Mention must be made of the production of plant-grov/tli 
substances, selective weedkillers, and such insecticides as 
gammexane, which have proved invaluable in horticulture. 

Finally we are to admire the new and flourishing plastic 
industry, first developed in the U.S.A. and on the continent, 
to which the research workers of Imperial Chemical 
Industries have made remarkable contributions, such as 
perspex and polythene, and further developments arc to 
be exDCCted. 
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Never, may thitik, has BrUish Chemistry, pure and 
appiied, been in so thriving a state, and, given the means- 
men and. material — it must prove to be among the greatest 
of our national assets. , 
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Aura: The first sj-mptoms heralding the onset of a fit, e,g., an un- 
pleasant sensation of'smeil. 

Critical State: A gas or vapour can often be liquefied by 
compressiag it; thus liquid air is made. But above a certain 
temperature, characteristic for each gas, this is no longer possible, 

. and no amount of compressing wii liquefy it as long as it is 
hotter than this critical temperature. 

Deter gent: A soap or any other substance which lowers the 
tension between oil and water (or any other two phases) and 
pennits them to mix. 

13 1 A L Y s j s : Siieets of material such as cellophane, or other membranes 
such, as sausage-slcin, dried pig’s bladder, etc., have such very 
fine pores in their substance that they Will let .small molecules 
through, but offer a complete barrier to large molecules, v/hich 
are too big to get through the holes. Tiiis provides a way of 
sorting out molecular sizes, getting the big molecules . pure of 
the small ones. The mixed solution is placed in a closed bag 
of a membrane and immersed in running water; the small mole- 
cules wander out into the water and are carried away, the large 
ones are held behind in the bag. 

Electron Ditfr action: Although electrons are several 
thousand times smaller than atoms, and atoms themselves 
•‘empty space” inside, and spaced apart at regular intervals in 
a crystal, a beam of electrons does not pass straight through a 
solid and emerge unchanged the other side, but is bent and 
scattered in various directions in a manner reminiscent of the 
glistening of a spiders web in sunlight. From measurements of 
the intensity and direction of electron scattering, deductions can 
be made of the arrangement of atoms in a crystal, since the 
diffractions depciid on the interatomic spacings. ' 

O.swosLs; The “attraction” into a semipermeable bag (as in Dialysis, 
q.v.) containing large molecules, of water or other solvent, which 
tries to dilute the contents to bring them to the same strength 
a.s liie pure solvent outside. 

PsvcHiATRv: The study of mental illness, as distinct from Psy- 
chology, which is the study of normal mental processes. Mental 
diseases are often divided into two groups: neuroses, in which 
the illness upsets only a part of the sufferer’s life and he is aware 
of liis -abnormality ; and psychoses, in which the illness pervades 
and distorts the whole personality iri a way the patient is quite 
unaware of-— what is commonly called madness or lunacy. 
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Psyc]!o?e3 may conmience as the sequel to infectious disease of 
Drain utmiage (from drinlcing too much alcohol, for example), 
or be completely broifght on by worries and other mental or 
isychogcnic causes. They are characterised by various ccilections 
of symptoms. . ^ _ 

■lo.ii itcimtionx are false sense perceptions, for example hearing voices 
speaking in one s ear, though one is alone and in silence. 
Dch-skms are false beliefs which cannot be shaken, no matter how 
much indubitable proof and demonstration to the contrary be 
offered. 

Obsessions are ideas or delusions which take possession of the mind 
to the exclusion of all else — for instance, a man who imagines 
that lie is surrounded by spies, that everyone is watching him, 
that evert' harmless passer-by is a member of the secret police. 

It Is diffjcu.lt to discern amidst the varying combinations of 
symptoms titat mental patients .show whether there arc any truly 
di-stinct diseases. However, most authorities recognise the divi.sion 
into soiiix.ophrenia and manic-depressive insanity, and some add 
further distinct varieties such as MeianchoHa (profound depression, 
often with delusions) and Dementia (progi-essive deterioration and 
loss of intellectual power-reasoning, memory, will, with 
insanity), wJiich others regard only as symptoms. 

Schizophrenia is characterised by a withdrawal from the real world 
into a dream world of one’s own imagisiing. All emotional 
response to other people is lest, and the sufferer’s laughter and ■ 
tears relate only to events in his dream. He lapses into silence, 
no longer listens v/hen spoken to, dees not reply, may smile ' 
suddenly to himself, and sit for long periods staring into vacancy, 
apparently doing nothing. There are many forrsis of schizo- 
phrenia, classified according to the predominant symptom. 
Catatonia is a form in which the patient becomes melancholic 
and stupid, and stands for long periods niOtionless in one place, 
or will even passively hold any statuesque pose one cares ir- 
arrange him in. Schizophrenia usually gets progres.sively worse. 
Manic-depressive insanity, on the other hand, i.s an illness of excessive 
emotion which comes in waves or cycles. Periods of extreme 
excitement {mania) alternate with periods of normality or profound 
depression. In other v/ords, there is a disturbance of emotion or 
ajfect, and this is therefore an affective psychosis. 

Most psychotic symptoms are only gross exaggerations of 
characteristics found in all normal people. Tire diagnosis of 
mental illness is a specialist’s job, and this brief account is 
intended only as an introduction to the technical terms of the 
subject and may prove most misleading if used as part of a 
“Home Doctor”. 
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iAVIGiTIOli Oi THE ROAD? 


When the Queen Mary enters a 
busy port, she and all the otiicr 
vessels obey the recognized 
lights and signals on which sate 
navigation depends. 

We, too, obey lights and 
signals — and rely on them for 
safety — when we drive or ride 
or walk on the roads. 

We are, in fact, “road navi- 
gators.” Modern traffic simply 
could not work without a set of 
rules which we all accept. 

Why, then, arc there still 
accidents — far too many ? 

Partly because we don’t all 
know and understand the rules 
and principles of Road Navi- 
gation. And even if we know 


them, we forget or ignore them. 
And partly because some of us 
don’t yet realize that the rules 
apply to everyone — walkers as 
well as cyclists and drivers. Any 
of us can cause an accident in 
which we or other people get 
killed or maimed. 

If we all understood the 
principles of good Road Navi- 
gation (based on the Highway 
Code) and obeyed them all the 
time, traffic would flow faster 
and more smoothly. We should 
all get about xnorc easily and, 
above all, more safely. By learn- 
ing to be skilful Road Naviga- 
tors, we can help ourselves and 
everj’one else to get home safe 
and sound. 
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Every year, many thousands of people 
successfully avoid colds with the help of 
Scrocalcin. Its use, both in the preven- 
tion and treatment of tlie common cold, 
has given consistently satisfactory results. 
Serocalcin is not infallible, but its record 
is such that it merits a trial by everyone 
subject to colds. 

Prevention of Colds. 

Two Serocalcin tablets are taken daily for 30 
days. In many cases this gives 3 to 4 months 
immunity from colds. 

Treatment of an existing Cold- 
Three tablets are taken three times daily. 
Commenced in the early stages of a cold this 
often clears up the attack in 3 or 4 days. 
Serocalcin is suitable for adults and children. 

The immunising course of 60 Serocalcin 
tablets costs 8/5|-d. Treatment pack 
of 20 tablets - 3/4|d. 

All who suffer fiom colds are invited to send to 
Harwoods Laboratories Ltd., Watford, for descrip- 
tive booklet “ Immunity from Colds” 
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Ho¥vf scientific knowledge can be used to increase efficiency, 
and research planned to obtain new knowledge in funda" 
mental and applied science. 

Among the topics dealt with are ; 

SOfvlE ASPECTS OF BRITIS.H ECONOMY 
KEY .[NDUSTRIES OF BRITAIN: FUEL AND 
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THE WORLD’S WEALTH 

W, G. Moore 

This book is not about money; it is about wealth. Its 
first aim is to describe just where the world’s wealtli is 
located, just where the goods that we all need in vaiwing 
forms and quantities are produced. It also relates how and 
where these goods, constituting our food, drink, clothing, 
fuel, shelter, and other necessaries of life, after being 
gathered, grown, raised, or extracted in their raw state, 
are converted into the shape in which w’e consume them, 
into usable commodities. Then it tells of tlie means by 
which they are transferred from producer to consumer, the 
principal highways of transport, by sea, land, and air. 

The chapter headings— “The Harvest Of The Sea,” “The 
Cups That Cheer,” “King Cotton”— are enough to show 
that it is not a formal text-book, though due emphasis is 
placed on the geographical and economic factors influencing 
the production and distribution of the world’s wealth. 
By examining these factors, the book seeks to explain, too, 
some of the economic problems of our age : to an English- 
man, for instance, not only where his bread and butter 
come from, but why he must buy them abroad; not only 
where his coal is mined, but why coal determines his own 
and his country’s prosperity. 

Its last chapter summarises what must be, irom the view- 
point of the “2,000 million consumers” of the world’s 
wealth, the most acute of all . problems : the existence of 
dismal poverty among so many, side by side with enough 
potential wealth to satisfy all. 
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SCIENTIST IN RUSSIA 

by Eric Ashby 

III 1944 the Australian Government, on the initiative of 
the Minister for External A_ffairs, decided to send a scientist 
for a year to the Australian Legation at Moscow. It was 
Mr. Ashby’s good fortune to be selected for this mission. 

In addition to the technical infonnation which he sent 
to his Government in official despatches, he collected a 
great deal of other information of interest to scientists, to 
educationists, and to the general reader. This unofficial 
account of his visit contains that material, and embodies 
the results of his visit which he was not obliged to embalm 
in his mimeographed reports. 

His book tells how scientific research and education is 
organised in the U.S.S.R.; of the relations between the 
scientists and the Government and State authorities: of 
the public attitude to scientific work ; and contains among 
other good things a very human and amusing account of 
a journey to the Far North. 

Eveiy'-one who is interested in the scientific work which 
is being carried on under the auspices of the Soviet Govern- 
ment will find much material in this book of the greatest 
importance. It will be of special interest to all concerned 
with education, by reason of the very full information ii 
provides on the organisation and syllabuses of schools, 
colleges and universities and other higher educational 
institutions, 
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THE INVENTOR 
AN.D HIS WORLD 

by H, Stafford Hatfield 

Inventors of gemus, partnered by industrialists whose pride 
was in the excellence of their product rather tlian the 
magnitude of their dividends, made Britain the pioneer of 
industrialism. Up to 1880, all the world turned first to 
Britain when in search of the latest and best. We lost that 
proud place to others, not because our inventive genius ; 

petered out, but because the control of our resources passed I 

from men with pride in technical excellence to financiers ; 
who serve the interests of their shareholders. I; 

This book is a survey of the whole field of invention, which, I 
as everyone now realises, we must cultivate intensely or 
perish. We cannot earn our living, as we conceive living, ■ I 
by mass production of standard articles. We must earn, 
the wages of high skill, turning a shillingsworth of raw ; 
material into a poundsworth of goods unobtainable else- 
where. Ail experience shows that such goods are created 
by individual inventors, who have found this country very 
imreceptive in recent times. This book is addressed to such 
men, to explain them to themselves and to the public at 
large, more particularly the manufacturers who find them 
difficult, and the legislators who have failed to create a ■ 
patent law which ensures them a due reward under modern 
conditions. Nationalisation of industry? creates a new and 
Iiopefiil situation for the inventor, since pioneer invention, 
so often a dead loss for one firm after another till techmcal 
success is attained, is how a business which, if properly 
pursued, will benefit the industry as a whole. i 
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page 67) the method is described as due to Dr. 
Martin and Dr. Synge of the Lister Institute. 
Dr. Martin is actually working on behalf of the 
Wool Industries Research Association, Leeds, 
who financed the research, and we apologise to 
them for omitting mention of their name. 


Editorial 


What is News, speaking scientincally? Newspapers, w4iicb 
rarely have any inkling of science, love Truth Drugs and 
Death Rays and two-headed, calves; or the latest experi- 
ment on chiiblams or cancer which they can blare out as 
The Cure. If they are not sensational, they usually oiTer 
instead a little pellet of undigested facts and figures which 
persist without meaning in the reader’s head: the horse- 
power of a new engine, or oil production last year, or the 
number of hairs on a bee’s wing. It is obvious indeed that 
the place to . look for the latest discoveries in the scientific 
world is not in the pages of a newspaper— for the simple 
reason that most journalists never have any scientific 
knowledge tb help them understand and assess this kind 
of news, and are therefore bound to blunder. The only 
place to look is in the pages of a learned journal, written 
by scientists for scientists and consequently not the safest 
spot for the novice to linger in iinguided. We draw our 
materia! from these journals, and try to act as some kind 
of guide by applying standards of selection. Our experts 
try to assess the trustworthiness of the information pub- 
lished before passing it on. Sometimes they wait a year or 
tw’o, to see if a discovery boldly announced is confirmed as 
correct by subsequent events. For speed and hurry have no 
place in scientific news. AH one sweeps up in a scoop is 
red: herring. 

In our view' scientific news is of three kinds. .Partly it is 
a summary of v/hat scientists are thinking and talking about 
just now, what’s cooking in the Labs., what subjects they 
are investigating, not the detailed results of that investiga- 
tion. Here it is the current atmosphere, the scientific weather, 
that we are out to report, and that is the function of articles 
such as ’Thysics Front” by A. W. Haslett. 
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Sonietimes a particular problem or subject is worth a 
more e?rtended analysis. In “Problems of Nuclear Physics’". 
Prof. PcierJs sets out to show what aspects of the nature 
of matter are engaging the attention of physicists to-day. 
Atomic energy and the atom bomb are engineering topics 
no”w, have passed out of the hands of fundamental physicists. 
They are primarily interested in the next term of the 
analysis of matter in the sequence “Matter is composed of 
atoms which are composed of electrons and nuclei which 
are composed of . . And their interest is a second kind 
of reporting. 

But thirdly, and most important part of ail in science 
new''s, is the pause to look back over the last few years, to 
collect up the facts and ideas which have become established, 
to see how far we have now' progressed in this field of 
research or that, where v/e stand at the stocktaking. Articles 
like “Glaciers”, “Diatoms”, “Making Penicillin” attempt 
this function of review. They are not last month’s or last 
year’s discoveries, or even the results of the last five years’ 
work. Nor do they contain the last words on their subjects. 
They are attempts to make the reader aware of the present 
Slate of knowledge so that he can be ready to assimilate 
the next step, or even perhaps make that step himself. 

Turn the page, and see our policy in practice. 



Report on Antarctica 

BY DR. GABRIELE RABEL 

I. INTRODUCTION: EARLY EXPEDITIONS 

It is surprising to hear that thirteen nations in recent 
years have been aiTanging, or plaiming, expeditions into 
the remote, ice-bound and barren south polar regions—- 
more surprising still to learn that this zeal is partly due to 
a political motive, the desire to secure a slice of this 
luipaiatabie ice-cake. Why? No one knows. So far there is 
little indicRjtion of the presence of uranium or other heart- 
stirring mineral wealth waiting to be brought to light. It 
makes me think of a woman who joins a queue without 
knowing what she is queuing for. Several countries look 
back on a century of antarctic discovery and research, 
but the interest of others is of quite recent date. 

At present, the political divisions on the map are as 
follows : 

There is a British sector called the Falkland Islands 
Dependencies, situated in West Antarctica (20-B0'’ W), 
nearest to South America. It includes South Georgia and 
the S. Sandwich Islands which Captain Cook discovered 
in 1775, also Desolation, Deception and the New Shetland 
Islands where Edward Bransfield- sent out boats in 1819, 
that he “might plant the Jack and take possession of the 
land in the name and behalf of H.M. George IV, his heirs 
and successors.” Bransfield, it is true, “had very faint hope 
of ever being able to speak well of its fertility”, but his 
party noted “a beach with seals so stowed in bulk that it 
seemed dangerous to approach them”, which suggested 'it 
lucrative trade in these creatures of great size, full of oil, 
with the finest furs”, die shores crowded with penguins 
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“disputing possession with' the human visitors, who could 
not advance until a great slaughter was made and a lane cv.i 
through theiii”, “immense shoals of sea elephants asleep' \ 
and “iranieroiis whales, but excessively lean'' and poor.” 

Seal and whale hunting was mainly responsible for the 
first exploration of the antarctic regions. A sealer from 
Connecticut, Mr. Palmer, visited in 1821 what the 
Americans call now the Palmer Archipelago and the Palmer 
Peninsula. A famous London whaling and sealing firm, 
Eiidsrby Brothers, encouraged its masters, including 
Briscoe, Balleny and Weddell, whose names we also find on 
the map, to explore the southernmost waters. 

Graham Land, aU the islands around, and on its eastern 
side the mysterious Weddell Sea and Coates Land are 
whilin the British sector. Then, , to .the east, there is a 
Norwegian sector called Queen Maud Land, 

Further east again there is a very large Australian sector, 
the scene of Sir Douglas Mawson’s labours and, cut out of 
it, a strip of French territory called Adeiie Land nearest 
to Tasmania. This was annexed only in 1924, but first 
visited by the Frenchman d’Urville in 1840. Of other French 
expeditions the best known are those of Dr. Charcot, son 
of the celebrated physician, who cruised between 1903-1913 
'in his ship “Pourquoi pas?” on the west coast of Graham 
Land and discovered Charcot Island. 

The turn of the century ushered in a series of purely 
scientific journeys, not followed . by any annexation dairm 
From Belgium sailed the “Belgiea” under Captain he 
Gerlache with Amundsen and Dr. A. F. Cook on borird. 
From England sailed the “Discovery” under Coramandei: 
Scott with Lt. Shackieton and Dr. A. E. Wilson on board. 
From S^veden sailed a party under Dr. Nordenskjoic. 
From Germany came the ship “Gauss” built by the Germtn 
Government for the purpose, under Professor Drygalski. 
who named a mass of Volcanic rock the “Gaussberg” and 
a stretch of land “Kaiser Wilhelm Land”. Drygalslri arai 
Scott co-operated in their .magnetic and meteorological 
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observations. Another German, Professor Filcliner, pene- 
trated deep into the Weddell Sea and tried to survey what 
is now called the Filchner Ice Shelf. Many may still remem- 
ber the dramatic contest for reaching the South Pole. 
Shackleton (1907) desired to discover both the magnetic 
pole, which he did, and the geographic pole, which he 
nearly did. When Scott set out in 1910 with a large stair of 
scientists, his main objective was to reach the pole. But to 
Ms dismay) he found that Amundsen had been there a 
month before, on December 14th, 1911. Scott, with foiir 
others, including Dr. Wilson, the chief scientist, died a 
horrible death from exhaustion and cold. * 

An expedition of another type was sent out in 1938 by 
'Herr Goering. The members alighted only on the edge of 
an ice shelf, but they took very interesting photographs 
from the air, and they circumscribed a bit of Lebensraum 
(in the western part of Queen Maud Land) which they 
called “Neu Schwabeuland”, by dropping around it flags 
attached to arrows. 

The Argentine Government, v/hich has maintained a 
meteorological station in the S, Orkney Islands since 1903, 
when the Scotsman Dr. Bruce installed it, bases a claim 
on this fact, and its geographical proximity. Chile, by a 
pronouncement of 6 November, 1940, simply “decreed that 
ail lands, islands, reefs, glaciers . . . in the sector between 
53° and 90° W. constitute the Chilean Antarctic." 

Peculiar is the political attitude of the United States. 
iVmerican merchants such as Mr. Palmer were among the 
antarctic pioneers. In 1839, the U.S. 'Navy despatched 
Comm. Wilkes on a voyage of discovery round the world, 
and cruising towards the south pole, he saw land “and 
gave the land the name of Antarctic Continent,” A century 
later occurred the w^ell-known private enterprises of Admiral 

* Thkty miles from the pole, Scott wrote in his diary : . the only 

appalling possibility is the sight of the Noiwegian nag forestalling 
ours,’ and three days later at the pole: ‘Great God! this is an awfuil 
place, and trouble enough for us to have laboured for it vviiliout tlie 
reward of priority. ’ 
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Byrd and Mr. Lincoln Ellsworth, and in 1939 the “Antarctic 
Service Department” of the U.S. Government arranged an 
expedition under Byrd’s command which was prematurely 
called off in December, 1941, after Pearl Harbour. Rear- 
Admiral Byrd explains that the U.S. “wanted to know 
especially the hitherto unknown sector in which the extreme 
south-eastern part of the Pacific Ocean abuts on the con- 
tinental landmass of Antarctica. Great Britain, Australia, 
France, Norway claim sovereignty over parts of Antarctica. 
We must be prepared with information . . 

Byrd and his men did not fail to erect cairns and hoist 
flags, but so far the U.S. Government, while “reserving its 
rights”, has acknowledged no sovereign claims in An- 
tarctica, whether raised by foreign governments or by its 
own citizens. 

In the winter (southern summer) 1946-7 the U.S. Navy 
dispatched another expedition, 4,000 men, again under 
Byrd’s command, “Operation Plighjump”, with the task of 
training both naval and air forces for operating under 
polar conditions, to practice the technique of erecting bases 
and to test scientific instruments at extremely low tempera- 
tures. The last American expedition had considerable 
trouble with their instruments, even cameras refused to 
work at temperatures which went down to minus 72 degrees. 

Proceeding now to recent British activities, vve must not 
forget a small scale expedition to Graham Land in 1920-22. 
It consisted in the end only of two men, Bagshaw'e and 
Lester, to which, however, Byrd paid the tribute that “tliey 
collected more data per man than have been collected by 
the members of any expedition before or since,” 

A larger party w^ent out under Mr. John Rymiil, an 
Australian sheep farmer, in 1934. Its proper name is 
“British Graham Land Expedition 1934-37”, but J beg 
leave to call it for brevity’s sake “The Grahamers’.’, as I 
shall for the same reason designate the “U.S. Antarctic 
Service Expedition 1939-41” as “The Byrdians”. 

Graham Land and the islands around have been 
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visited every svimmer by the ships “Discovery II’"* and 
“William Scoresby,” directed by the joint British-Austra- 
iian — ^New-Zealand Discovery Committee imder tlie 
Coloniai Office. They studied in a most comprehensive way 
the distribution of marine life in relation to depth, water 
currents and all the other physico-chemical conditions of 
the water. One of their main activities is the marking of 
whales. A stainless steel dart, fired from a gun into the 
blubber of the whale, has imprinted on it a number and a 
promise of reward for return with an account of where and 
when found. One dart was returned ten years after firing 
and 2,0(X) miles away. In due course, diis method should 
yield ample knowledge about the migrations of whales. 

From 1939 to 1943 the ships were used for war purposes, 
and in 1943 a new scheme of investigation was started wliich 
is more concerned with the land than with the sea. Its Ml 
title is “The Falkland Islands Dependencies Survey**, 
officially abbreviated to F.LD.S. 

The scheme consists in having permanent bases and a 
regular service for relieving the men and refilling the 
stores, for a man cannot stay more than a year or two in 
“those dreary parts”, and if he must return before reaping 
the harvest of his labours, this harvest may easily be lost. 
Since 1943, such a regular relief service has been carried 
tlirough. When the war was over, Commander Bingham, 
who had accompanied earlier expeditions as a surgeon 
became commander of F.I.D.S. At first this scientific survey 
had to be treated as an “operation” under the code word 
Tabarin. The scientists were delisted when the spurioiis 
secrecy was abandoned. 

One writer expresses anxiety because the great number 
of polar expeditions, not all of scientific importance, has 
damped the interest of the general public and such generous 
donations as in earlier times are no longer forthcoming. 
Indeed, the Grahamers had a surprisingly small sum at 
their disposal. Therefore well-trained scientific specialists 
had to do all the menial work. Even the ship’s crew con- 
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listed of scientists, and they had a tough job \¥ith their 
’Tenola”, a retired Breton fishing boat which soon de- 
veloped engine trouble and had to travel under sail alone 
for hundreds of miles. Surprisingly, the Byrdians, though 
their cmcial grant was vastly larger, complain too about 
having to drop some of their aims for want of money and 
about the necessity of unloading sledges, building houses, 
training dogs, repairing clothes' and machinery wliich 
impaired their scientific work. There are no natives in 
■■^nta^ciica whose services can be enlisted! 

For the last twenty years the centre of all polar activities 
in Britain has been the Scott Polar Research Institute in 
Cambridge. It was founded in 1926 and moved in 1934 
into a building of its own, a building on a fine site, pleasant 
to look at and dignified. Owing to rich gifts of pictures 
and books, the house is too small already. 

First director was the geographer Professor Frank 
Debenham. He retired in 1946 and was replaced by the 
Reverend W. L. S. Fleming, Dean of Trinity Hall, a 
geologist and glaciologist who was one of the Grahamers 
and took part in other expeditions. The Committee of 
Management is a University body, but the Royal Geo- 
graphical Society nominates one member. 

Dr. H. R. Mill has transferred to the Institute Ms valuable 
Antarctic book collection. Dr. Wilson’s water colours are 
also there, further manuscripts, records, maps, samples of 
polar equipment, etc. — ^the task of the Institute being to 
collect all possible information about polar matters and to 
make it available to all who seek it. During the war, 
Govermnent Departments and private industrial firms con- 
sulted the experts about cold weather clothing and equip- 
ment, and how to make and pack things destined to endure 
extremely low temperatures. 

One way of spreading the acquired knowledge is the 
Polar Record which appears normally twice a year. The 
present article owes much to the Polar Record as well as. 
to personal information by Mr. Fleming. 
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^ THE TECHNIQUE OF POLAR TRAVEL ' 
ir^dihcr and Acclimatisation 

Ev:ry description of antarctic journeying abounds with 
csaipiaints about the weather which assures safe travelling, 
e/rn in the short summer season, for only a few days. 
Here is what the Byrdians say about their East Base: “If 
there were light westerly winds, low clouds and fog 'would 
lie for weeks over the ground . . . When winds were from 
the cast or south, the sky was clear and it was necessary to 
seize the opportunity for a flight quickly, because as the 
air poured down the coastal passes from the plateau, the 
\ejocity at the base built up dangerously. There were only 
eiv.-;ive periods of suitable flying weather,” And imagine 
2' v.hat this constant “poor visibility” means for sledging 
parties for whom an abyss may wait just round the corner. 
Sir Douglas Mawson describes “drifting snow which 
poured fluid-thick over the landscape ; for many days it was 
impossible to see one’s hand held at arm length. Such 
weather lasted almost nine months.” 

Blizzards may break out suddenly with tremendous 
vioience and cease just as abruptly, but winds of two miles 
a minute have been recorded as lasting for many hours. 
It is not so much the cold which causes pain as the wind. 

The temperature, especially on the Ross Ice Shelf, fre- 
quently dropped to seventy degrees or more below freezing 
point. Two of the Byrdians, P. Sipie and Ch. Passel, 
established that the sensation of cold and heat, and hence 
the feeling of comfort, does not depend on the absolute 
temperature of the skin but on the rate at which it loses 
heat to the surroundings. Touching metal or snow with 
bare hands burns the flesh like a hot stove, because these 
i’bjects carry the heat away so rapidly. 

Sipie and Passel measured the time needed for a quantity 
of water to freeze under varying conditions of wind, etc., 
and built on their results a formula as well as a gadget 
I called the “Relative Comfort Thermometer”. If the wind 






Fig. 1. The South polar end of tlie Earth. 
The geographical south pole lies rigitt 
in the centre of the map, and the mag- 
netic South pole is about 1.300 miles 
away (to the North of it) near the edge 
of the Antarctic Continent in sector 16, 
the Austraiian sector. To get some idea 
of the scale, find Cape Horn, the 
southemmost tip of South America in 
sector 30; it is appro?^imately 2,500 
miles from the Pole as the crow flies. 
Another indication of si 2 e is that the 
British Isles, drawn on the same scale, 
would Jit very easily inside the inner- 
most circle (Latitude 85‘OS) round the 
pole, with plenty of spare room. 

A sirailarl 3 ’-drawn view of the North 
Pole would look totally different : there 
is nothing but sea, frozen or otherwise, 
within the circle of 85° N, surrounded 
at varying distances out to the Arctic 
circle by land masses. Three-quarters 
of Greenland, for instance, lies between 
Lat. 85° and the Arctic circle, while the 
Goast-lme of Siberia is mostly between 
50° and 60° N. If they were transferred 
to the same latitude south, they might 
come alongside Cape Horn, or absorb 
South Georgia, and would be mostly 
within the limit of the Southern Drift 
Ice. 

Alexander Land is now know-n to 
be an island of only small extent, since 
King George VI Sound bends round 
northw-ards into, the sea near Charcot 
Island. 
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veiocity increases from zero to 20 miles an hour, the rate 
of cooling increases by 75 per cent, but above this velocity 
cooling does not increase, and in a gale the temperature 
■even rises. 

Kent loss by respiration may be 54 calories per day in 
the tropics, but 270 in very cold climates, for the incomirdg 
air must be warmed by 30-40 degrees in the lungs, as well 
as saturated with water as it is excessively dry. 

Fatigue develops less quickly in cold climates than when 
the body is overheated by perspiration. Like a mechanical 
engine, the body seems to work best when the heat is 
rapidly carried away. 

The first year the men wore their heaviest clothes and 
shivered in summer. The second year they worked stripped 
to the waist at 0® C. 

There is no flu or other disease carried by germs in the 
Antarctic, but frost bites seem unavoidable when “fiddling” 
v/ith apparatus outside. The worst for the Byrdians was 
toothache because their fillings contracted and fell out. 
Finally Dr. Siple invented a non-contracting mixture. 

Principles of Clothing and Food 

The chief principle of clothing is to retain the natural 
heat of the body and not to let it escape. In a completely 
insulated house we should need no fires at all. Our own 
body heat would suffice to keep us warm. Air is a bad 
conductor of heat, and wool and furs are useful as heat 
preservers because they keep still air entangled. liuman. 
beings can moreover create a zone of stagnant air around 
their bodies by surrounding it with at least two layers of 
clothing. In countries where the people know that it is cold 
in winter, all houses, vfoilowing the same principle, have two 
sets of window-panes. Similarly, polar travellers build their 
tents out of two tiiin layers of fabric separated by six inches 
of air. 

Woollen garments are good enough as long as the air 

ctni hni- thev do not protect against wind. For this 
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purpose, long staple cotton fabric of dense weave is recom- 
mended us ideal as it is almost impervious to wind and 
still allows the vapour of perspiration to pass out. Sleeping 
bags are made of eiderdown which is an. even poorer 
conductor of heat than air. 

Clothing must be kept absolutely dry. Damp cloth 
conducts heat and, besides, every particle of*- water or 
c.veat turns iminediately to ice. It is. hair-raising to read 
'what polar travellers hardly 30 years ago ■ suffered from 
their sleeping bags clogged with ice, garments stiff like 
sheets of armour plate, frozen boots into \v'hic]i to squeeze- 
cne’s feet was an hour’s ordeal. The explorer of to-day 
leads a comparatively comfortable life, even without 
luxurious Imts, in his double- walled tent which stands 
firm against wind, with the high pressure Prinius stove 
drying all the clothing overnight and with restful sleep 
provided by the bulky eiderdown, where vnouth and nose 
lie at the bottom of a deep fold, so that the breath has a 
long way to go before it freezes outside the bag. 

As regards Feeding, the chief problems are not set at the 
base where there may be ample supplies, but on sledging 
parties where every ounce counts, and the ration must be 
computed in such a way that the intake of energy just 
balances the output. A measure for the efficiency of the 
party is the number of calories caixied along per pound 
of total sledge load. The hauling capacity of a nine-dog 
team is 900 pounds. Food for 2 men and 9 dogs amounts to 
550 pounds for a month, fuel and camping equipment to 350 
pounds. So thirty days’ travel are safe-— if nothing hs-ppetis. 

A comparison between the daily rations of 1875 witli 
tlie present ones, as given by Dr. Bertram, is interesting, 
1875 Now 

16 oz. Pemmican 7 oz. Penimican 

4 oz. Bacon 6 ozt Margarine 

14 02 . Biscuits 3 oz. Biscuits 

2 oz. Potatoes 1 oz. Pea Flour 

21 oz. Sugar 3 oz. Sugar 
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'die East Base is only 68° W and the West Base 1-54'' W. 
i\i'itlim.stically it is indisputable that 164 is “more west”' 
than 68. On this counting, the western direction goes to the 
left as far as 90 degrees, then turns ronnd and goes on tc? 
to the right. ■ 

Mo\vever, the West Base with its 164° is only 16 degrees 
distant from the eastern hemisphere, i.e. 52 degrees nearer 
to the east or “more east” than the so-called East Base, 

Further, in dealing with the pole we must keep in mind 
the diiTsrent character of meridians and parallels. MeridiarkS 
are the lines which connect the north pole with the. soiifii 
pole. They are all great circles and all equal. One degree 
of latitude, that Is the 360th part of their circiuiiference, 
has everywhere the same length. Not so the parallels. They 
shrink from the equator to the pole, and while one degree 
of longitude covers 69 miles on the equator, it covers only 
’12 miles at a latitude of 80 degrees. That is why polar 
travellers can manipulate longitude diiferences which may 
seem to us fantastic. 

Polar explorers have often made much greater mistakes 
in ascertaining their longitude than their latitude. The 
unreliability of chronometers at very low temperatures is 
said to account for this weakness. Cannot the extreme 
smallness of the degrees also have something to do witii 
it? 

3. SCIENTIFIC RESULTS 
Antarctica versus Arctica 

Geography teaches that the polar zones are separated 
from the temperate zones by the Polar Circles in ialiuidc 
66° 33'' north and south, these being the lines beyond which 
during the summer the sun never disappears. There is a 
fuadarnentai contrast between the North Pole and the 
South Pole. Not as a certain professor of philosophy 
imagined when he addressed liis students with rlietoricai 
pathos: “Whether you are shivering in the biting frost of 
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the ice-bound north pole, or suffocating in the torric! heat 
cf the south pole . . No, not that. But there /.v o. cent* .i;>t 
between the two poles. ■ ■■. 

From the equator upwards' to the north the conlincr!}:n 
mass broadens and has its greatest extension in, .inedin:,?! 
latitudes, then the land recedes. The north pole is siuTOUiidctl 
by water and is at sea level. From the equator downwitnls 
to the south, the land masses get narrower e.ycr3^whcr(n 
but while betw^een 35° and 65° S v/ater prevails, wc liau 
beyond this latitude the vast Antarctic Continent witis iis 
six million square miles, bigger than the United States, 
bigger than Europe or Australia, The South Pole is 
embedded in this continent, lying on a plateau almost 
10,000 feet in height. 

The Arctic has a comparatively warm summer and as 
the lands around the polar sea are continuous with those 
of the temperate zone, they contain a rich flora and fainia 
including such land animals as the reindeer, tiie polar 
bear and the musk ox. In the Antarctic the teinpera.tu're 
even in summer rises seldom above freezing ("--melting) 
point. If the traveller exceptionally sees a green carpet, 
it consists of mosses and lichens. The even rarer occasions 
when he hits on a few specimens of a fiowcriijg pla,nt 
assume almost festive character. The biggest land animal 
compares poorly with the musk ox, as its I e radii is five 
millimetres. It is a wingless gnat. 

The Antarctic waters, however, are in, conJucl Vviih Uif 
temperate zone and the sea animals can go iiortii! 
it suits them. The waters teem with life, from 
crustaceans and rotifers up to whales of 100 fed: kn:^ih. 
Whereas in other continents, the continciiml shelf i'>r,lv 
about 100 fathoms deep, the Antarclic mouni'd:!;: fall 
down to 1,000 fathoms. Warm waters emerge iVstm in.: 
depth rich in mineral salts all around the caiiunci i. 'i h:s- * 
together with the long daylight produces a ririi >aonci.-n- 
tration of plankton. For the temperate znne ihc vUrj' 
contact with the polar regions is not alto nerf.-r .-Tv,... .n( 
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as pack ice and ice-bergs, (of wiiicli one was 300 miles in 
length) penetrate far into the north, and cold bottom 
currents reach in some places as far as the equator. 

At the surface the antarctic and sub-antarctic w-aters 
meet along a sharp boundary called the “Antarctic Con- 
vergence” which was discovered by Meinardus in 1923 and 
extensively studied since by the Discovery Committee. Its 
position is nearly half-way betw'een the antarctic and the 
■other continents, roughly at 60° S, just outside the pack 
ice limit. It seems to go all round the continent, but lias 
a tortuous contour including twists and loops. 

Tlie Convergence, not the Polar Circle, is biologically 
considered the boundary of Antarctica. Here the tempera- 
ture of the surface water (down to 600 feet) changes 
abruptly, and certain species of micro-organisms and even 
of fishes cannot cross this barrier. 

Geography and Geology 

The polar plateau appears as an ice cap of iinknowm 
thickness which descends outwards to the coasts. Still there 
is enough bare rock to satisfy the geologist. The solid mass 
of these mountains is igneous, partly volcanic, and one 
volcano, Mt. Erebus on Ross Island, sends up to the sky 
a iiigh cloud plume w'hicli serves as a weather vane. 

Betw'een the rocks of Graham Land and the South 
American Andes there is a striking similarity and an ancient 
land bridge is assumed between the two continents. Echo 
soundings have revealed extensive submarine connections 
between S. America and Antarctica. According to the 
Byrdian, Mr, Bryant, what little flora exists is evidence 
for land bridges, connecting Antarctica not only with South 
America but also with New Zealand. 

The geographical discoveries of the Grahainers contain 
one chapter which is pathetic. In Griffith Taylor’s instructive 
book Antarctic Adventure diid Research (1930) wc read 
that “December 20th, 1928, was the most wonderful day, 

-more oroblems 
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and sketched more new coast-lines than any other ex- 
pedition had accomplished.’* 

His chief glory was the discovery of several straits running 
'vest and east across Graham Land, separating it from the 
continent. The main strait or sound which V/iikins called 
Stefansson Strait would have provided a splendid avenue 
to the south of the Weddell Sea which otherwise was 
almost inaccessible from the west. So Mr. Rymili’s party 
based their plans on making use of Stefansson Strait. 
But what Wilkins looking down from the air had regarded 
as a strait was really a very high glacier valley not reachable 
from the coast. It cost one of the Grahamers, Mr. A. 
Stephensen, after his return to England a vast amount of 
labour to prove with overwhelming evidence that there is 
no Stefansson Strait and that Graham Land is indeed part 
of the main land as it was believed to be — until that 
wonderful day in December. 

From this the lesson was drawn that a flier, especially 
over ice- or snow-covered country, is unable to determine 
heights, and air reconnaissance without the help of some 
known ground features is insufficient. Indeed, a very 
Important real strait over 200 miles long and 15-20 miles 
wide which the Grahamers discovered was not sighted at 
all by Mr. Lincoln Ellsworth when he flew over the country. 

This new strait called King George VI Sound is the major 
discovery of Rymili’s party. On the shelf ice of this sound 
one can sledge without great difficulty, and it may open a 
route to the heart of the continent and to still unknowm 
coastal areas to the west. Unfortunately the Grahamers, 
having wasted so much time on the Stefanston Strait, could 
not pursue their discovery to the end. They followed the 
sound down a long way until it turned west, but had to leave 
Gil without knowing how far west it went and whether it 
ended in high land or in the sea. The map shows the sound 
at this stage of uncertainty. The Byrdians who had carefully 
studied Mr. RymilFs book carried on his work and 
established that the sound opens to the west to a great 
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ice-free sea. Thus Alexander I Land, so named by the 
Russian Beliingshausen who discovered it in 1820, has now 
become Alexander I Island. 

The channel is also of geological importance as it 
separates provinces of very different character. East of 
King George Sound is Graham Land with its bedrock, 
west of it runs the 8,000-foot mountain range of Alexander 
I Island which contains sediments carrying a rich assortment 
of fossils. 

It would seem as if here and there, scattered over tlie 
continent, almost all types of fossils are represented — except 
reptiles and mammals. Some fossil plants indicate an 
ancient subtropical climate. 

As to minerals, only low-grade coal has been found and 
isolated deposits of copper ores. Nor is there any definite 
evidence for oil-bearing layers. 

The Weddell Sea and ilie Ross Sea 
These two large bays are the only ones which cut deep 
into the othenvise massive bulk of the Antarctic Continent. 
The Weddell Sea is in the British, the Ross Sea in the New 
Zealand sector. They are both inhabited by that iincanny 
white monster, the Pack, which guards the coasts of the 
continent. If ships try to defy the monster, they soon feel 
gripped in its icy clav/s, kept prisoner indefinitely, kicked 
about, and not too rarely crushed to pieces — as happened 
to Shackleton’s “Endurance” and to Nordenskjold’s 
“Antarctic”. 

The Weddell Sea is of particular interest to oceano- 
graphers as the source of the antarctic bottom current. 
For some reason the cold shelf water in this bay — but 
nowhere else — sinks to the ocean 6ed and from there 
spreads, not only through the whole Southern Ocean but 
even northwards into all the other three (Atlantic, Pacific, 
Indian), 

Now there is something almost magical in this Weddell 
- rtf d Yrpnrma, theS. Orkney 
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and Sandwich Islands are, under its influence, extremely 
rich in aniniais and plants compared with the territory west 
of them. “One would like to knov/”, says an expert, 
“the histor}' of the water which leaves the Weddell Sea, 
water which enters it from the east.” We shall see 
in. the Bioiog}' paragraphs that the neighbourhood of the 
Weddell Sea seems favourable for reproduction. : 

The polar end of both bays is filled with skelf ice, a 
fascinating, awe-inspiring, tremendous mystery, a stmcturs 
which has aroused more interest than, any other glacial 
type. No colossal sheet of that kind is known in the north. 

The Filclmer Ice Shelf at the head of the Weddell Sea 
is compie'ieiy unexplored, but the Ross Ice Shelf has been 
frequently surveyed. The %rdians had their West Base 
right on the shelf ice and constructed a special Ice Labora- 
tory on it. It is interesting that their leading scientist. 
Professor Alton Wade, consulted the British Glaciological 
Society about the experimental programme. 

The Ross Shelf is a triangle whose sea'ward face runs 
nearly v/est and east and is about 400-5Q0 miles long. 
As the shelf is in slow but constant movement, the measure- 
ments change. Its total area is roughly the size of France. 
Where the shelf bars the way, sailors called it a Barrier. 

, The characteristic of a shelf is that its seaward end 
hoats freely on the water. When a ship is moored to 
the ice, it moves up and down with the tide in unison 
with the ice shelf. But the inner end is held fast to the 
continent by the glaciers which, act as feeders, and by 
being aground close to the coast. Near the margin or 
where glaciers enter it, the sheet may be thrown into 
pressure waves some forty feet high and 1-2 miles from 
crest to crest. On aerial photographs the ice nray then, 
appear like jelly or junket. Otherwise the Ros.s Shelf 
surface .is s.moGth, and as it reaches within 300 miles of 
the Soutli Pole, it has always been chosen as the avenue 
to that spot. 

A problem child of the Ross Sea is the Bav o f iVJmlpv 
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Wade and Siple have now decided that tiie Bay is a ineeting 
place of two shelf ice systems, one hailing from the south, 
the other from the south-east. As they encounter the native 
bay ice, they cruinple, and the patterns they form are so 
similar to the fractures in the crust of the earth that the 
American Geological Society has provided a grant for a 
detailed map of this intricate deformation pattern. As the 
crust of the earth is also regarded as a thin layer floating 
on a plastic medium, the study of ice in the Antarctic 
might offer a solution for European or American mountain 
problems. . 

Antarctic Ice 

It is generally assumed that the ice cover of the Antarctic 
lands was mightier in earlier times and is now receding. 
Mr. Fleming called attention to some striking configura- 
tions which could only have originated in a climate colder 
than ours, when the snow limit was at sea level. 

On the West coast of Graham Land, mountains rise from 
the sea to heights of 6,000-8,000 feet. Between them and 
the shore there is a belt of “fringing glaciers”, which end 
seawards in ice cliffs up to more than 100 feet in height 
which rest on rock at sea level. Had they originated recently, 
their length should be in proportion to this height. But 
it is not. They are quite short. Similarly tiny islands wear 
ice caps much too thick for their width. Both these ice 
caps and those glaciers must have formed part of an 
enormous ice shelf of the Ross Shelf type. Mr. Fleming 
thinks the sheet has broken away quite recently and the 
fringing glaciers may disappear within a few years. 

As Professor Wade established, there is a fundamental 
difference betw^een the structure of ice in places where it 
melts periodically and in the Shelf where it never melts. 
In Spitsbergen or in the Alps one can see boundary lines 
between two years* accumulations, because a crust is 
formed when the surface melts in the presence of fine dust 
■ STieif there is no melting and no 
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diist^ and therefore no crust.' Perhaps the lack of dust is 
ihe most essential, for dust acts as a “black body” which 
absorbs all the available radiation and by the heat thus 
concentrated melts the ice around. 

A local heat effect of that kind is indeed noted in centnil 
Antarctica where dark mountains and their debris act as 
radiators and produce, temporarily, a lake district in a 
country which normally is a waterless desert. 

The lack of melting seems also to prevent the orientation 
of ice crystals as found by Seligmann and Perutz in the 
.lungfraujoch Glacier. In order to arrange themselves 
according to plan, crystals apparently must melt and 
re-crystaliise*. 

The density of the shelf ice increases greatly with the 
depth. The upper layers can be easily cut with a sav^ but 
below five metre depth the ice must be blasted. The hardness 
of ice also increases remarkably as the temperature de- 
creases. At —100° F. ice is as hard as orthoclase felspar. 
This explains why being hit by ice crystals during a blizzard 
can hurt so much and why sledge runners suffer excessively 
from low temperatures. 

In the Ross Shelf the winter cold wave was found to 
penetrate p about five metre depth. At fifteen metres there 
were no changes at all, the temperature remaining constant 
at about the yearly average of — 13. TC. ( — 10° F.). Lower 
down it seemed that it even increased owing to warmer 
sea water currents. . 

Biology 

Physiologically the Antarctic is a desert, the air is 
extremely dry and the surface frozen. But v.'herever 
temporarily, through thawing, a pool or a trickle of w'alcr 
is formed, there is immediately rich life in it. Small ponds 
appear choked with gelatinous algae and microscopic 
animals such as rotifers or crustaceans. Of two pools side 
by side, one may contain only adult crustaceans, the other 
only young ones, 

* But ses pp. 114 et seq. 
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On the Argentine Islands (65'^S.)> and also on an island 
further south. Dr. Bertram found a very rich botanical 
display, consisting of a most remarkable sporadic occur- 
rence of a closed moss association up to an acre in area. In 
places the moss formed a peat three feet thick, but except 
for a few inches at the surface which thawed up in summer 
it was permanently frozen. 

In these places, one of the tw'O flowering plants wdiich 
the .Antarctic can boast was also present. It is a relative 
of pinks and campions, called Colobantlnis cmssifolim. 
The other flowering plant is Deschampsia amarctica, a 
grass often seen scattered in small tufts. No flowering 
plants have yet been found anywhere on the continent 
outside Graham Land. The typical antarctic plants are the 
lichens. Three of their species occur also in South America 
and 25 in New Zealand. 

Various tiny terrestrial insects live south of the Antarctic 
Circle. One CoUembola species was found floating in a 
trickle of water below a. snow bank and it seemed to 
emerge from an algae-covered crack in the rocks. Wherever 
there was a small water course, CoUembola could be 
collected from it in swarms so thick that they looked like 
blotches of soot. When over night the water froze, Collem- 
bola was to be seen nowhere. Mites are much more frequent 
than insects. 

Near the penguin rookeries rich vegetation develops, but 
one observer rejects the obvious inference that the bird 
manure is responsible for this. 

Birds there are in plenty, gulls and terns and skuas, and 
the water contains a great variety of animals. 

In the following paragraphs I give only a few data about 
those animals which have been specially studied recently, 
viz. seals, petrels aii4 penguins. 

Seals 

The antarctic animals: are - not yet afraid of man. Birds 
well as seals can be freely watched and easily killed. 
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Seals iic placidly on .the beach awaiting the. enemy and 
keep their serenity even when a few of tlieir fellows lia\‘e 
i)een put to death before their eyes. 

Most antarctic seals are “True Seals'” as distinguished 
fi'ora Eared Seals and Walruses. The most powerfai among 
them is the Sea Elephant which is now kept under Govern- 
ment control in S. Georgia after an immense and wasteful, 
shiiighter had almost exterminated the species. The male 
sea elephant is bigger than his female and is polygamous. 
An interesting correlation has been noted between sex sizes 
and polygamy. Thus the northern Fur Seal which may be 
six times as big as the female, commands a harern of 40 
to 70 cows fighting off all rivals. But in most antarctic 
seals the female is slightly bigger. The Sea Leopard, 12 ft. 
long, of snake-like appearance, does not live gregariously 
like the others and is a vicious predator. It eats little seals 
and penguins. 

The Ross Seal, 7 ft. long, is very rare. Only a few were - 
sighted in the Ross Sea. 

The most common seals in West Antarctica are the 
Weddell Seal, 10 ft. long, and the Crabeater (8 ft.). Dr. 
Bertram, a Grahamer, in order to study them thoroughly, 
took upon himself the gruesome work of butchering almost 
all the 367 Weddell Seals and 177 Crabeaters which were 
required to feed men and dogs. 

The Weddell Seals live mostly in the water and in winter 
below the ice. They use their sharp teeth to saw out 
breathing holes or enlarge existing cracks. But this hard 
job soon wears their teeth out, and when they lose their 
teeth, they must perish. These poor seals are very unhealthy 
creatures. They have nasty skin diseases, large festering 
sores, their wounds heal very slowly, their bowels arc choked 
with worms of all kinds. Nor do they live long, not more 
than eight years probably. 

Their age can, as with whales, be estimated from the 
number of bodies” in their ovaries. These are the 

follicles frbm which eggs are formed and which in the 
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Weddell Seal persist unto death. As a sea! develops onr/ 
one egg a year, the number of yellow bodies in the females 
gives an indication as to their age. 

Copulation has never been seen and obviously occurs in 
the water. In spring (September) the cows come out on 
the beaches and give birth to one pup each. 

The pregnancy lasts very long, ten months, and when 
the pup appears, it is almost ready for an independent life. 
It weighs 60 Ib. and gains 7 each day by suckling. It is 
born with a thick woolly coat which it soon exchanges for 
the hair of the adult. Then it goes into the water and is 
rarely seen again until it is sexually mature. 

This stage is reached in the Antarctic a year earlier than 
in the north. Weddell Seals become pregnant at 26 
months, Crabeaters even at 15 months. 

Weddell Seals live on fish and cephalopods, Crabeaters 
on a shrimp-like Crustacean known as Krill which is 
present in such immense quantities as to satisfy even the 
appetite of giant whales. 

Crabeaters do not show traces in their teeth of sawing, 
though they too live below the ice. They have no diseases, 
no worms, and while there is hardly one which does not 
carry on its body enormous parallel scars inflicted by the 
teeth of the Killer Whale, even this does not seem to 
disturb their health. 

Antarctic seals can sing. They command a whole octave 
of musical notes and it takes authors many lines to describe 
the variety of their utterances. 

When a seal is wounded or otherwise senses its ap- 
proaching death, it retires as far as thirty miles into the 
interior or on a mountain 2,000 feet high, there to die in 
solitude and dignity. 

Petrels and Penguins 

When we hear that birds leave our inliospitable north 
in the autumn to spend their winter in the south, the last 
place where we should expect them to go is the neighbour- 
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hood of tlic south pole. Yef Wilson’s Pcfrcl, a bird which 
. is^seeii m the Persian Gulf, in' Peru and io the Red Sea, has 
goi iL into his head that he cannot breed anywhere else Ilian 
^ ni .-nitarctica. Dn Brian Roberts^ of the Gralianicrs, was 
iCrtunate enough to have a nesting colony of these birds 
in a ^raali mess patch on the Argentine Islands and could 
watciitheir^ courtship and breeding babits-thdr Svinp 
diOhii^ tne island every evening for a week iviihouf: eoing 
dSiiore, ueir flittiag up and down and arooiid the colons" 
occasionally aiighting, for another week, imtil at last thev 
seined down. As was revealed by the rings attached to 
toeir teet, eacn bird moved into his ‘told digs'’ together with 
us Old mate Br. Roberts thinks it is the common accom- 
mo atroa wliicli keeps the couples together, rather than 
ove. One can tmcKseveral subsequent residences, one oa 
op 01 the other, as in some excavated Orientrs .1 cities. When 
i e egg IS jaid, only one every year, each parent sits on it for 
I rhythm, and if a scientist kidnaps a sitting 

ir , the egg IS text alone until the time appointed for the 
changeover It does not seem to hurt the egg. In April, at 
e end of the southern summer, the petrels go north where 
.ney successfully escape scientific observation. 

Petrels live 111 general on Krill, but they are also fond 
of Oil and assemble m huge flocks round Boating whale 
.Jtotories, feeding on scattered oil drops. Their habit of 
-jeciing oil has been shrewdly utilised in some nlaccs: 

a wick IS drawn through their mouth and anus, it serves 
as a candle. 


_ Neither in, petrels nor in penguins is there anv 
Cistmction during the courtship, and the aim of all disnl'ry 
:s according to Dr. Roberts, definitely not to woo and 
select a mate The breeding cycle of all liighcr organisms, 
including such activities as nest building, is regulated by 
jonnones and t,b.e glands which supply them. But the 
glands in their turn respond to stimuli and these include 
season and climate as well as the appearance and behaviour 
of the other partner. “The pair which has the greatest 



capacity for mutual stimulation will be the most successful 
in perpetuating the race.” ' 

Birds themselves cannot distingiiisli sex visually. Th.ey 
can only find out by trial and error. They call and see wiiat 
response they get. That is apparently why they caii so 
much. In penguins large-scale ringing had* not yet been 
performed, so Roberts could do nothing but watch the 
birds’ behaviour first and then ascertain their sex by a 
post-mortem. Before copulation both sexes behave as males, 
it looks as if the female characters were developed later 


Fig. 2. — Fighting. 

breeding period is introduced by much crowins. 

call 


Fig. 3. — Bowing. 
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and bow to each other. They are strongly addicted to 
ceremonious bowing, and the high-iight of tlie photos 
taken is the picture of a bird who, with a deep and respectful 
bovr, lays a pebble at the feet of his beloved. Pebbles are 
not just jewellery, they are used for nest building, and 
also svvoilowed by penguins as well as seals. Whether they 
help to grind the food is not yet clear. 



Fig. 4. — Copulation. 


In the pre-iaying period penguins often assume an 
“ecstatic attitude”, neck elongated, bill raised to heaven, 
fiippers beating in a slow rhythm, accompanied by braying 
or trumpeting. If one bird starts the display, ail the others 
soon join in. 

Penguins have a passion for brooding out something, 
preferably an egg, but a lump of dirty ice may also do. 
Hatching is done in turns, and there is a special “nest 
reiief ceremony”, for if the relief approaches the nest 
vvilhout hissing the pass word and bowing elaborately, i: 
is attacked, 



Fig. 5. — Nest-reiief cereraor.} . 
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Sometimes pen^ins will strike attitudes, pick up and 
deposit pebbles when they are alone, or prepare a nest 
and leave it unoccupied. Such apparently aimless behaviour 
seems otie more illustration of the theory that most games 
of young animals are a preparation for the earnest of Life. 

While the parents go out to get food, all the young of 
a rookery are assembled in cretches v/ith a pair of adiills 
to keep them together. These nurses, however, did not 
budge when an enemy attacked and disembowelled seme 
of the chicks. 

In general, penguins lay their eggs in spring or summer, 
only the Emperor Penguins lay theirs in midwinter, and 
it is a heroic story worth recounting that the worst part 
of “The Worst Journey in the World” — five weeks in utter 
darkness at a temperature between 60 and 77 degrees 
below zero in a blizzard which blew the tent away — was 
undertaken by three martyrs of science, Yv^ilson, Bov/ers 
and Cherry-Garrard, for' no other purpose than to secure 
some of these eggs. Why? Because the Emperor Penguin 
is the most primitive of all penguins, and the idea was, in 
accordance with the evolutionary notions prevailing at that 
time, to find in the embyro “the missing link between 
birds and reptiles”. Unfortunately, none of the eggs they 
brought back to England contained an embryo. 

Austere and dangerous as the explorer’s life may be, 
it has its peculiar reward- — ^not only the satisfaction of the 
sportsman and of the scientist, but deeper spiritual joy. 
Shackleton wrote : “When I look back at those days, I 
have no doubt that Providence guided us. I know that 
during that long and' racking march it seemed to me often 
that we were four, not three, I said nothing to my com- 
panions, but aftenvards Wordsley said to me: ‘Boss, I had 
a curious feeling on the march that there was anothci- 
person with us.’ Crean confessed to the same idea. A 
record of our .journeys would be incomplete without 
reference to a subject which is very near our hearts.” 

Colin Bertram quoting these words adds that to most 
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travelers in the empty places of the earth is given something 
of Ihe feelings of mystics and hermits am a re-adjiistnicnt 
of relative values, and that they may find a deeper and 
vfidcr meaning in the Scott epitaph on the Polar Research 
institute: ■ ■ ' 

QUAESIVIT ARCANA POL! VIDET DEI 
It might to them mean: He who has searched for the 
mysteries of the pole, sees the mysterj' of G-cd. 
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Making Penicillin 

BY DR. E. LESTER SMITH AND J. L. CRAMMER 

T HERE are three historic occasions in the story of Penicillin. 
The first was its discovery by Fleming in 1929; the second. 
1 932j a report on its chemical properties by Raistrick ; and 
tile third and most exciting, the announcement of its great 
medical importance by Florey in 1940. His Oxford group 
of scientists had found out how to make the drug sufficiently 
pure to treat human sickness, though the quantities ayaii- 
able were enough only for one or two cases. 

The publicised story usually stops at this point as though 
the whole work were then done. In fact, however, it was 
only the beginning of a vast cooperative effort to find out 
how to make the drug on a factory scale. Its production 
in the laboratory by skilled chemists w'orking at their own 
speed with straggling glass apparatus could be little guide 
to mass production by unskilled labour. In the factory we 
are faced with the effort to make the maximum quantity 
of pure penicillin in the minimum possible time, we have 
lo think of the cost, of the space required to make it in, 
of fool-proofing the processes, of guiding and checking 
them, and of employing the available factories and labour 
as efiicientiy as possible by making the purification pro- 
duction process continuous. This involved much research in 
botany. chemistry,chemical engineering, and bacteriology, as 
we shall shortly see. There was an added complication, which 
ailectcd the whole development of the processes : Britain 
vv as at v/ar, and materials and labour were in short supply. 

The essence of making penicillin is simple. A mould, 
Penicilliimi notatnm, is grown on a watery solution con- 
laining various salts and sugar. As it grows it forms smaii 
amounts of penicillin which it excretes into the water. 
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Eventually^ the mould is sldiimied or filtered off and thrown 
away, and the penicillin extracted from the fluid on whicl: 
it formerly grew. There are several ways of extraction and 
■ he most important depends on the fact that penicillin is 
an acid substance v/iiich can be pushed about from water 
into chloroform (for instance) and back again by altering 
the acidity or alkalinity of the water lax'^er. For it must be 
remembered that there are a very large number of liqui'f 
which do not mix appreciably with water, but float on i>.s 
surface like oil, or rest heavily beneath it, when the two are 
placed together in a tank. 

Such, for instance, are ether, chloroform, amyl alcohci 
and acetate, v/hicli will all dissolve penicillin quite readily, 
provided st is present as an acid, and not as a salt. So the 
culture medium is made acid and shaken with amyl acetate 
and the penicillin passes into the amyl acetate layer, leaving 
die salts and many impurities behind. 

The amyl acetate is then separated off, and shaken with 
clean water, which has been made a little atkaiine. Now 
the penicillin passes back into the water again. The water 
is drawn off, made acid, and shaken with chloroform whicii 
now picks up the psniciUin in its turn, to yield it again to 
fresh alkaline water, for instance containing lime, so that 
the calcium salt of penicillin is prepared ready for use. 

, This all; sounds simple enough to anyone who knows 
a little chemistry. It is basically how the Oxford workers 
made the first specimens of penicillin. Where are the snags? 
Let us go back and view the process in more detail, an..i 
they W'ill quickly emerge. 

The Horticultural Problem 

Penicillimi is a living plant, and the first step is to grow 
it. In ordinary gardening the aim is to get the biggest 
marrows, the juiciest and reddest tomatoes; in this spcci.'d 
form of horticulture, however, the goal is quite difleienl. 
We do not care for the plant at all: we are after a particular 
substance rather easily damaged, which the plant happerss 


apparently accidentally to excrete into the soil in small 
quantities. Peiiiciiiin is not the ’only, or even the chief 
substance, that it excretes. In the early experiments, the 
medium at the best contained about 10 units penicillin per 
ml. (equivalent to six millionths of a gramme of pure 
sodium penicillin II), and a single patient requires 100,000 
units every three or four hours, often for several days. The 
first^big research problem was thus how to make the plant 
produce the maximum of penicilUn, and it was soon found 
best to grow it at 24°C, for about seven to eleven days 
before harvesting: for the penicillin produced increases 
slowly as the plant grows, and then after a time is slowly 
destroyed again by further growth, so that the maturing 
cultures must be carefully watched. As the plant grows it 
consumes a great deal of oxygen and exhales much carbon 
dioxide, so that gases must be allowed free entry and exit 
to the plant. As it grows, too, it produces wjpith, like 
the heat of fermenting grass in a manure pile, so the 
circulating air must distribute this heat, or carry it away, 
if the temperature is to be kept at the desirable 24°C. 

When this was settled the question of the best “soil” 
and the best “manure” became important. At the start 
every one used a synthetic medium— a mixture of plios- 
phates, sulphates, chlorides and nitrates of sodium, potas- 
sium, magnesium, and iron together with 4 per cent of 
sugar (glucose) all dissolved in water. This Czapelc-Dox 
medium, as it is called, is a stock one in the laboratory for 
crowing nroulds of all kinds for research piu'poscs, and is 
similar "to the solutions for water culture of green plants, 
as in hydroponics, ft did not always give very good results, 
and it was found that the mould needed also trticcs 
copper and zinc, not supplied in the Czapek-Dox mixture, 
but obtained haphazard from the glass of the growth tank, 
or from impurities in the water. Many experiments v/ere 
tried with different foods for the mould, until finally the 
Americans hit on a really good medium, which was not 
synthetic but conveniently the by-product from another 
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industry. In the rasEufactitre of starch, maize is steeped 
m warm water; various substances are soaked out and 
undergo a certain amount of bacterial fermentation. 
Originaiiy this corn steep liquor had to be thrown av/ay. 
After tl'iC addition of lactose (milk sugar), however, it was 
found to he ideal for growing PemdlUnm notatum, and, 
using it one can get over 200 units of penicilliu per ml., 
a twentyfoM improvement on the starting position. What 
makes corn steep liquor so good seems to be a \yhole 
mistore of substances present, and so it is better to use the 
natural brown syrupy liquor than try for a synthetic 
substitute. 

One further bright idea came out- when the chemical 
structure of penicillin was finally solved. It was thought 
that it might be possible to provide some of the actual 
materials which the mould uses in building up the drug 
molecule, and so save it the labour of making these building 
bricks first, as it grew, and thus speed up production. 
Chemicals were found which would actually do this, but 
they are still on the secret list. 

Another aspect of the botanical problem altogether was 
the question of the best “seed”. Just as there ar'e many 
different varieties of potatoes and roses, so there are many 
strains of penicilUum notatum, which vary in their penicillin- 
producing po'wer. A wide search was conducted through 
all the kiiowii laboratory-civilised strains, fresh wild strains 
v/ere isolated from soils in various places, and a new line, 
of research sprang up and is- still very actively under v/ay<. 
When a mould gets a dose of X-rays, or ultra-violet light, 
Gi: trcataen,t with certain special chemicals, such as muG' ard 
gas, its chromosomes are affected, and consequently its 
iiiiieritance altered so that its “seeds” or spores will grow 
into young moulds differing in a haphazard variety of 
ways from their parents. These mutations, as they are 
called, are then studied one by one for biological differences, 
such as better penicillin production, speedier growth, and 
so on, in the hopes that one day the perfect mould will 


turn up, which will spenS its whole time and energy 
penicillin making. 

What about “weeds”? These turn out to be particularly 
menacing in the PenicilUum garden. Many bacteria prodoce 
an enzyme or digestive ferment called penicillinase which 
smashes penicillin up in no time. Therefore all the culture 
fluids have to be carefully sterilised, all the culture vessels 
likewise, the seeds 'have to be sown aseptically, the air 
must be bacteria-free— in all the early stages a sharp look- 
out must be kept for “weeds”. In the early days,' when 
the mould was gi'own in hundreds and thousands of milk 
bottles,"' and the contents later pooled, penciliinase from 
one weedy bottle might min the whole lot, and the weeds 
might be invisible at that. It was very necessary to train 
and supeiwise the ordinary unskilled labour available in 
the proper aseptic techniques for plugging the sterile bottles 
with sterile cotton wool and so on, to avoid this very 
unwelcome peniciliinase production. Each sterile milk 
bottle had later to be momentarily unplugged and inocu- 
lated with peniciilium spores, and here again was a 
dangerous manoeuvre. The spores were usually suspended 
in a little sterile water and sprayed or shot in from a pipette 
delivering constant volumes, and this required specially 
trained operators. 

The production of the spores from the chosen strain of 
mould in itself is an important job needing a spcciid 
department of the factory. The strain has to be kept pure, 
free from foreign moulds and bacteria, and unchanging in 
its growth and habits. With continued subculture there is 
always the danger that a natural mutation may occur, or 
the mould drift into another way of living, jiist as disease 
bacteria grown for generations on laboratory media lose 
their viruleRce and become mild. 

* Milk bottles were chosen in wartime as being easily availabio ; 
and the big dairies had already worked out how to handle them in 
bulk on a moving belt for washing, sterilising, filling, etc. One 
pharmaceutical company alone acquired three quarters of a million 
.of them. . 
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The Engineering Problem 

While botanical research, or more precisely, microbio- 
logical experiments, defined the sort of conditions required, 
the engineers were busy supplying those conditions on a 
mass scale. Since the mould would only grow on the 
surface of the culture medium, wher-s there was plenty of 
air, it was necessary to get a large fluid surface, and at 
first this was obtained by putting the medium in thousands 
of milk bottles lying on their sides, 10° from the full 
horizontal so that the cotton-wool plugs were not wetted. 
Amongst several drawbacks one important one was the 
varying depth of liquid in such a bottle, leading to non- 
uniform growth, and waste. 

Glaxo therefore designed and used special glass vessels 
shaped rather like sealed saucepans with an entrance 
through a hollow handle (Plate 13). These could be easily 
stacked and handled and contained a uniform depth of cul- 
ture fluid. Test showed that the “handle” entrance was big 
enough for free circulation of gases; but the shape was 
very awkward for washing, and the vessels expensive to make. 

There were other approaches to the growth problem. 
Some firms tried growing the mould in shallow trays. 
Although apparently simple, this too had snags; the trays 
had to be fairly small, rigid, and carefully levelled; cach- 
filled vdth the right amount of medium, aseptically inocu- 
lated'* with spores, and incubated for a week or so in a 
current of sterile air. It was possible to arrange the trays 
in banks, so that sterile medium flowed in at the lop and 
slowly overflowed from one tray to the next, emerging 
rich in penicillin at the bottom — ^but in practice this was 
difficult. Another method was to grow the mould on moist 
bran. A third was modelled on vinegar manufacture. 
Sterile medium flows slowly down towers packed with 
some inert sterile support inoculated with mould spores. 
After a time the outflowing liquid contains penicillin, and 
output is continuous until the tower chokes with mould, 
or gets infected by penicillinase-making bacteria. 


From the begiiiniiig there was always the dream that the 
mould might be persuaded to grow submerged and scattered 
throughout a large tank of medium, but early trials were 
\’cry discouraging. It seemed the mould would only grow 
on the surface. However, the Americans persevered, and 
afrer spending millions of dollars were able finally to 
■.mnounce success. In fact the deep tank submerged culture 
kuethod of penicillin manufacture has now become the 
S'hiiidard method in industrial production in both the 
United States and Britain. Tanks containing 5,000 — 10,000 
gallons are commonly used and growth takes only a few 
days : one tanlc of this sort produces penicillin at the same 
rate as half a million milk bottles (Plate 15), 

The basic engineering problem which was so difficult to 
solve, was how to keep a tankful of medium, through which 
plenty of sterile air had to be blown and the liquid well 
stirred, completely free of bacterial contamination for 
several days. Its solution demanded the invention of many 
ingenious devices which are closely guarded industrial 
secret's. There were also subsidiary problems. One was 
what to make the tanks out of. Early research suggested 
that even traces of most metals would rapidly destroy 
penicillin, but fortunately stainless steel was found to be 
harmless and therefore very suitable. The change from 
surface to deep culture meant that other strains of peni- 
clUiimt notatum would now grow better, and changes in 
the chemical composition of the culture medium became 
necessary. This in turn rebounded on the rest of the factory, 
wiiicli also had. to be modified. As just one example of ,liow 
improvement in one part of a process upsets the rest, 
requiring yet more research and development to set it 
right, we may mention that in the early days the first 
treatment of the culture medium after growth was with 
charcoal, which adsorbed the penicillin from solution: 
later the penicillin could be got back into a small amount 
of clean liquid, thus purified and concentrated. When 
however, corn steep liquor came into use as culture medium, 
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the charcoal process would no longer work advantageously, 
and had to be abandoned. 

Toda.y, after the growth of mould has been filtered off 
(see Plate 16), the fluid is acidified and extracted with amyl 
acetate; the two solvents are well mixed together and then 
quickly separated again in a centrifuge which spins them 
apart (see Plate 17). The centrifuge, incidentally, is an instru- 
ment already important industrially in oil refining for ' 
separating oil from water with which it has been washed, so 
that this part of the penicillin process has required adapta- 
tion rather than invention. The concentration and 
purification of penicillin then proceeds on the lines already 
briefly sketched, passing it back and forth between pairs of 
solvents. The secrets of the process lie in the accurate adjust- 
ment of the precise acidity or alkalinity of the water each 
time. This is vital for two reasons. One is that penicillin is 
unstable and begins to decompose if its solution gets far 
from neutrality on either acid or alkaline side, so that a 
process involving such changes is risky and needs very care- 
ful control The other reason is that the degree of purity 
achieved depends on it. When penicillin passes from water 
into amyl acetate, so to a certain extent do some other sub- 
stances present in the culture medium, either unused 
components of the corn steep liquor, or other products 
excreted by the mould. The precise degree to which these 
impurities pass over from solvent to solvent each time also 
depends on the acidity, though the best conditions are not 
identical with the best conditions for penicillin stability. 
Therefore, by very careful adjustment, it is possible each 
time to leave a very large proportion of the impurities 
behind, and so to get purer and purer penicillin, though a 
small proportion of the penicillin has to be sacrificed at each 
stage. 9 

Tliis will yield penicillin, from about 30 per cent to 80 
per cent pure, which is good enough for ordinary medical 
purposes. 100 per cent phre white crystalline penicillin is 
also available for special cases such as brain surgery, but 
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the charcoal, process would no longer work advantageously, 
and had to be abandoned. 

Today, after the growth of mould has been filtered ofi 
(see Plate 16), the fluid is acidified and extracted with amyl 
acetate : the two solvents are well mixed together and then 
quickly separated again in a centrifuge which spins them 
apart (see Plate 1 7). The centrifuge, incidentally, is an instru- 
ment already important industrially in oil refining for 
separating oil from water with which it has been washed, so 
that this part of the penicillin process has required adapta- 
tion rather than invention. The concentration and 
purification of penicillin then proceeds on the lines already 
briefly sketched, passing it back and forth between pairs of 
solvents. The secrets of the process lie in the accurate adjust- 
ment of the precise acidity or alkalinity of the water each 
time. This is vital for two reasons. One is that penicillin is 
unstable and begins to decompose if its solution gets far 
from neutrality on either acid or alkaline side, so that a 
process involving such changes is risky and needs very care- 
ful control. The other reason is that the degree of purity 
achieved depends on it. When penicillin passes from water 
into amyl acetate, so to a certain extent do some other sub- 
stances pfesent in the culture medium, either unused 
components of the corn steep hqiior, or other products 
excreted by the mould. The precise degree to which these 
impurities pass over from solvent to solvent each time also 
depends on the acidity, though the best conditions are not 
identical with the best conditions for penicillin stability. 
Therefore, by very careful adjustment, it is possible each 
time to leave a very large proportion of the impurities 
behind, and so to get purer and purer peaicilliii, though a 
small proportion of the penicillin has to be sacrificed at each 
stage. ■•'5, 

This will yield penicillin from about 30 per cent to SO 
per cent pure, which is good enough for ordinary medical 
purposes. 100 per cent phre white crystalline penicillin is 
also available for special cases such as brain surgery, but 



it is much more expensive, because the extra refining, 
involving recrystallisation of penicillin as the salt of an 
organic base, is a skilled business (Plate 21). 

Penicillin keeps best in the dry state, and the final stage 
in its processing is to dry it (see Plates 19 and 20). It was found 
best to put the right amount of 10 per cent solution into each 
vial or ampoule and then dry it by freezing the solution 
quickly with solid carbon dioxide to — ^30°C and applying a 
high vacuum to “suck oif” the frozen water. Tliis process of 
freeze-drying is very suitable for unstable substances like 
penicillin. It has been much used also in preparing dried 
blood plasma (another fragile stuff), stored thus for trans- 
fusions. The secret of success is to have exactly the right 
conditions — and finding them was a great deal of v/ork. 
A really good vacuum (about 0.02 mm. mercury) is essential, 
and so is a good condenser (at about — 50°C) to trap and 
solidify the ice-vapour in another part of the system. 
When completely dry, the ampoules are sealed off, labelled, 
packed: the drug is ready for use. 

Laboratory Studies 

Naturally a great deal of work has been done to find 
out what destroys penicillin and what preserves it. Some 
of the destructive agencies — ^penicillinase, metal ions, 
acidity, heat, have already been mentioned. A sharp look 
out must be kept for them during manufacture, and in 
addition the amount of penicillin present in the culture 
fluid, at harvesting of the mould, and the amount presem: 
in solution at the end of processing before drying, must 
be assayed as a matter of routine. From such a practice 
we learn that under present conditions about 40 cent of 
the penicillin is lost during hianufacture ; nevertheless, this 
is coimnerciaiiy good enough. The solution is filtered 
through a Seitz filter before drying to remove bacteria. 
Batches of the dried product are also tested in the bacterio- 
logical laboratory to make sure they are in fact free of 
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^ germs. ^ Some of the batch is injected into rabbits to make 

sure it is free of the mysterious impurities which, will cause 
sudden rises of temperature and rigors when injected. A 
further sample is injected into mice to be certain that it is 
non-poisonous, 

Clearly all these tests require trained scientific workers. 
Clearly also, the running of such an industry, and the 
i solution of the multifarious problems that arise needs 

i; chemical engineers, biologists, chemists. The production 

of streptomycin, the only other antibiotic of industrial 
i interest at present, is much less developed, and offers many 

’ similar problems to be tackled. It is partly out of the re.cog- 

■ nition of the growing importance of the whole field that 

the University of Cambridge has this year for the first 
time instituted a special advanced twelve months* course 
' in chemical microbiology. 

The growing importance of the penicillin industry itself 
is shown by the following figures. They give the average 
monthly output in millions of units : 



US.A, 

Britain 

1943 

1,700 

300 

1944 

138,000 

3,200 

1945 

570,000 

26,000 

1946 

800,000 

260,000 

1947 

1,000,000 

400,000 


They are a measure of the success achieved in the largest 
(non-military) scientific combined operation hitherto under- 
taken by mankind, and a stimulus and guide to futiiTc 
effort ' 


To make such a test, the peniciilin in the sairspie is first dsstvoye.l 
vviih penicillinase, and then the sample placed on the usual broths, 
bsood agar medium, etc., on which any bacterial growth can occur, 
Any germ present will thus reveal itself. 


Farming Front 

BY F4. N. HIGINBOTHAM 

The N^A.A.S. 

At the bagimiing of July last, the farming comniuiiity 
iiad tlie pleasure of reading about or attending the first 
Royal Show since before the war, and the differences 
between Windsor (1939) and Lincoln (1947) were much 
xemarked upon. In particular, exhibits designed by the 
various advisory services available to agriculture were on a 
larger scale than ever before. The main organisation con- 
cerned in this was the newly-founded National Agricultural 
Advisory Service, which is now the chief Instrumeilt of 
scientific popularisation for the industry. Such organisations 
as the Milk Marketing Board and the Department of 
Scientific and Industrial Research, which, together with 
commercial firms and producers’ societies, provide a great 
deal of useful information, were also represented. But there 
is a difference between them and the N.A.A.S., which is 
the only body giving advice on the whole of agriculture 
to all producers in all parts of the country. As such it has 
been specifically designed by the Government, as part of 
the new national land policy, out of the previous regional 
advisory services with their local colleges, and it includes 
various research institutes. It is to be developed into a 
standard service employing people of a more or less 
standard ability and knowledge in its various grades, and 
so supplying a product, advice, which will not vary very 
much from one area to another. It is claimed that vvithin 
this comprehensive service knowledge will be dilliLsed more 
quickly than between the old separate groups ; new research 
will get knov/n more quickly and already existing specialised 
knowledge will be more easily integrated on to any par- 
48 
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ticulLir farming problem; ia addition, there will be re- 
fresher courses for Advisory Officers and so on. 

Success in these objects is a matter of administration and 
that is why the Service’s success at the Royal is encouraging. 
But it is also a matter of psychological understanding, and, 
here again, what its spokesmen have to say is encouraging. 
So far they have avoided pronouncements whjeh would 
make one think they had underrated the difficulty of popu- 
larising scientific knowledge among fanners. The emphasis 
has been oil #orkiiig “with” the farmer, not “for” him, 
still less against him. All expedeiice of agricultural educa- 
tional work shows that tliis is the only possible approach : 
you have to get the farmer mixed up in your ideas or he will 
not absorb them; otherwise, though the problem he has 
raised may have been solved theoretically, it will not have 
been solved practically. In fact, also, the Service itself will 
need the cooperation of farmers. It will have many new 
ideas to develop and they will require testing out in the 
ground. It will maintain experimental farms of its ovm, 
but it can never hope to cover a sufficiently wide ecological 
range for its “pilot plant” experiments without the co- 
operation of the farming community. In so far as the 
Advisory Officer is afl experimenter and investigator, 
therefore, he will need to work with the local farmers ; and 
where he is an innovator he will need to learn from them 
the effect of his novelties , oil fann management and 
economics. 

ISIo farmer can know enough, without advice, to get 
the full benefits of the application of modern scientific 
knowledge to Ms land, and it is to be hoped that enough of 
them will admit the fact to allow the new Service to develop 
its full impact upon our productivity and their profits. It 
is a free gift, indeed, to farmers, it is all honey. Naturally 
there is a sting; something will be expected in re turn. 
There are many other advisory services available to farmers 
in many other countries, but the significance of this British 
edition is, as has ’been said- above, that it is part of the 



iiatipnal land policy. This policy provides for the expro- 
priation of inefficient producers. In practice this will mean 
ihrmers of unjustifiably low productivity compared with 
the average. The declared object of the H.A.A.S. is to raise 
the average of productivity. So it will not do to get too far 
behind one’s neighbours in the application of science to 
one’s farming. 

Scientists connected with agriculture, on the other hand, 
will find this large organisation less interested in the answers 
to some questions than in others and more likely to employ 
certain types of scientist than others. Practical need will 
determine the questions it asks' and practical ability will be 
necessary in its employees. It is possible that in the long 
run agricultural science will be pretty well absorbed by the 
N.A.A.S., though that is nobody’s intention at the moment, 
Or, to put the thing less controversially, agricultural research 
will be guided along certain directed lines in response to 
practical demand. Professor Scott Watson, Chief Education 
and Advisory Officer at the Ministry of Agriculture and head 
of the new service, gave, last January, “a random sample of 
the various fields of research” to “indicate what progress 
is being made and what gaps in our knowledge remain to 
be filled” to a conference in Edinburgh. Three items in his 
sample, trace elements, plant hormone synthesis and new 
varieties of potato, have already been talked about in Science 
News 3. It may be interesting to follow up issues related to 
some of his other items to illustrate his theme of “progress” 
and “gap.s.” 

Fertiliser Placement 

The seed of most crops is sown through drills, which 
deposit it in rows, whereas fertilisers are usually, in English 
practice, applied to the seed-bed through distributors which, 
give an even covering over the whole ground. Apparently, 
therefore, much of the fertiliser is applied where, from the 
point of view of that immediate crop, it is not wanted, 
between the rows, particularly with crops which are sow'n 



LiiNU FRONT 


51 





in wide rows, such as potatoes and sugar beet. This waste 
of fertiliser could possibly be avoided by depositing the 
fertiliser in bands close to the roots. There is another 
economy concerned here too. When calcium or nitrogen is 
applied to the soil, almost the whole of it is available for 
solution in the soil water and thus for absorption by the 
roots of plants. But a large proportion of any phosphate 
applied is transformed in the soil to compound forms in- 
soluble in water, and is thus locked up and only becomes 
available for plant nutrition over a long period and partially. 
(That is, you can never hope to get back from the soil 
anything like as much phosphate as you have to apply to 
it.) Now this locking-up effect is reduced if the phospiiatic 
fertiliser is not mixed generally with the soil, but is placed 
in naiTow bands. Since phosphatic fertilisers are the great 
necessity for high yields in most British soils, this is 
important. 

From a rather different angle farmers and manufacturers, 
aiming at the economy of a single operation instead of two, 
have for many years experimented with combined drills, 
capable of putting down the seed and the fertiliser in the 
one drilling. Such machines have been known in this 
country for at least a century and probably more. They 
were never satisfactory and an easier line of progress was 
found in the perfecting of the general distributor, after 
which interest in . combined drills waned. Since the last 
war, however, the question has been taken up again. 
Manufacturers have made available combined drills capable 
of putting the fertiliser down with the seed. Scientists have 
asked themselves whether these bands of fertiliser are really 
best located in contact with the seed or a little, away from 
it, and, if the latter, just where. Engineers have wondered 
how. 

Engineers first. It is not so hard to arrange for fertiliser 
to be deposited with the seed, though there are tiresome 
problems, such as the corrosive effect of many fertilisers 
on mechanisiii and the varying physical conditiGii in which 



they end up after a short' trip on the British railways and^ 
a few months^ farm storage. But research into fertiliser 
placement implies machinery capable of depositing accurate 
amounts independent of external factors. Commercial drills 
are gravity-feedings assisted by. some sort of mechanism 
to keep the fertiliser ranning through : essentially they shake 
the stiifi out. Their delivery rates, for various settings of 
the mechanism., will vary greatly according to the “con- 
dition” of the particular batch of fertiliser in question. 
You cannot get much furtlier here because the “condition” 
of a finely powdered or even a granulated fertiliser is difficult 
to denne in a -useful way : it may be anything from the fine 
powder it was sent out as (rare) to a collection of different 
sized lumps. The rates vary according to himiidity, but no 
relation can be established between the rates and the 
humidities. Gravity feeds, therefore, are no use for research 
into fertiliser placement : which prompts the reflection that 
eventually they will be rejected for commercial work, 
since the whole essence of this problem is accuracy of 
delivery, both in quantity and location. For research, the 
only reliable method of feed is by positive displacement. 
Here a piston rises in a cylinder filled with the fertiliser, 
which is then deflected down the feed tubes by scrapers. 
Thus the same volume of fertiliser is delivered each time. 
The weight delivered is slightly variable, because of dif- 
ferences of density in the fertiliser caused by being jolted 
over rough ground, by the vibration of the tractor, by 
compaction by the piston and, again, to a small extent 
by the condition of the fertiliser. The variability can be 
much reduced by running the machine for a bit before 
-Starting on the measured work, so tliat the fertiliser can 
settle down. 

Thus, as so often in agricultural research, an immense 
amount of mechanical playing abp'ut has to be gone 
thro’ugh before the investigation can really start. After 
that, there are really tv/o questions; 

(a) is there a significant variation in yield proportionate 
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to quantity of fertiliser xised, according to whether it k 
generally distributed or is placed in bands? 

(b) assuming that fertiEser should be placed in bandSj 
wiiat is the best position for those bands? 

It is coaimnsd that, for cereal crops, phosphates sowm 
doAvn a combined drill in contact with the seed are about 
as effective as twice the quantity distributed generally, in 
average cases ; and in phosphate-deficient land, con- 
siderably more so. Up to quite large- quantities of phos- 
phates and compound manures can be combined safely, 
without damage to the germinating power of the seed, 
which fixes the upper limit of the method. Less definite 
results have emerged from experiments with potassium and 
nitrogenous fertilisers. But root-crop seeds, excepting 
potatoes, very easily suffer injury from fertilisers, especially 
in dry weather, and fail to germinate. Combined drilling in 
contact with the seed is therefore not advised for these crops. 
Yet it is precisely for these crops, w'Mch arc set in wide rov/s, 
that general distribution is most wasteful. Possibly, better 
results with roots may come from attention to the second 
point — what is the best placement for bands of fertiliser? 
The problem would then be to find a position for the bands 
to ensure the advantages of economy of fertiliser, stirnula- 
tLon of early growth and hastened ripening, without 
damaging the germinating seed-. 

The Americans have done a lot of placement work on 
the potato crop. As has been said, this crop is not susceptible 
to damage by fertilisers. Yet their conclusions are applicable 
to cereal, and possibly to other, crops which are. The 
following, amongst other, positions for the bands have been, 
tried out: in contact with the seed; mixed with the soil in 
the tow; above the seed; below the seed; at the side of the 
seed ; at the side and slightly below: or again, 1 to 2 inches 
under ; inches above; mixed in the row; in the row not 
mixed; 2 inches to each side on the same plane; 2 inches to 
each side and 2 inches below seed level; 4 inches to each 
side on the same plane. The general conclminn 



that fertiliser is best placed two inches to the side of the seed 
and either level with it or' slightly below it. There is now, 
liowever, a question whether even higher yields of potatoes 
are not obtained by placing only a proportion of the 
fertiliser in bands, with the remainder generally distributed 
in the, old way. ' 

Placement of fertilisers is one of the means of seeming 
higher output for less expenditure which we have neglected, 
though it has been incorporated into the farming practice 
of many countries. Thus the standard distributors used by 
American potato planters incorporate the findings of the 
scientists which have been mentioned above, but not so 
here. It is possible that research workers in this country 
have been a little daunted by the empirical nature of the 
problem as put to them. The fundamental chemistry of 
plant nutrition is not understood and therefore the line of 
progress is hot clear. It is interesting, for instance, that 
the eflect of “locking-up” phosphates, mentioned above, 
is not universal : it does not occur in many areas of Aus- 
tralia for example. If we could apply that fact to our 
conditions, we might cut our present expenditure on 
phosphatic fertilisers to one-fifth. But since scientists 
cannot yet explain that fact, they cannot yet tell us how to 
apply it. 

Too Much Tinkering? 

At recent meetings of cattle breed societies the thyroid 
gland has got rather more attention than is usual at these 
gatherings. This gland regulates the plane of metabolism 
in animals ; so that the development of young beasts and 
the productivity of mature beasts can be stepped up, in 
many cases, by feeding either natural thyroxin or a syn- 
thetic substitute in the form of iodinated casein. At 
present the method is experimental, but it concerns breed 
societies from two aspects. In the first place, they are 
concerned with questions of pedigree and performance in 

* TJ-iC chief protcin of milk, treated with iodine. 
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a competitive context; they regulate records and establish 
the breeding backgrounds of various cattle families on 
which commercial pedigree values depend. Nov/ Nora may 
be an inherently better cow than Dolly, but the latter, 
primed with iodinated casein, might outyield her signifi- 
cantly, and the use of such stimulants can upset rankings 
no end. Secondly they are concerned with a long-term 
view of the health of their breed, and nothing is more 
likely to min that quickly than ignorant use of endocrin- 
ology by semi-bankxupt fanners. Acting on these two 
points, one Society has provided that, while records of 
treated cows shall be accepted by the Society, they must be 
distinctively marked, so that everyone knows the cows 
have been treated; and has also urged the Ministry of 
Agriculture to ban the sale of iodinated casein pending 
the completion of the Ministry’s long-term experiments 
with it, which are designed to test its effects on constitution. 
The general impression at the debates of the other Society 
seems to have been that there was “too much tinkering” 
•with cows nowadays. 

The practical man is in a dilemma. He must produce as 
much of his product, in this case milk, as cheaply as he 
can. But it is not much use producing double this year if 
your herd is going to fold up with exhaustion next year. 
That is, he must not depreciate his capital for the sake of 
immediate income. At the same time he has the feeling 
that the routines he has been brought up in are “natural”, 
though the modern milk-cow is, logically speaking, an 
artificial animal leading an artificial life. But if his v/ord 
“natural” is taken in the sense “what is proved by ex- 
perience not to depreciate my capital”, he is making a 
valid point, and his conservatism is not stupid. The ex- 
periments with iodinated casein, for instance, will not be 
concluded this year or the next. It is common sense for a 
working farmer to let someone else be progressive, because 
he cannot afford the risks. This is why scientific discoveries 
are not rapidly applied to agriculture. 



Scientists are aot so interested in wliat is “natural”, 
though the N.A.A.S. will of course have to attention 
to what is economic. Another pecuiiarltj^ they have is to 
regard aiiiniais as existing for one purpose: they like to 
divide cows into beef cows and milk cows. Now the farmer 
likes a cow which gives a lot of milk and then fattens up 
well for beef when he has to get rid of her : lie likes a 
“dual-purpose” cow, which the scientist calls a “no- 
piirpose” cow. If cows gave wool and laid eggs that would 
please the farmer, but not the scientist. His object is the 
reduction of the animal to its specialised purpose, in the 
case of the dairy cow the production of milk. This implies 
three things ; ^ 

Physical efficiency in the conversion of foodstuffs 
to milk. 

Elimination of secondary products. 

Regularity of production of milk. 

Considerable progress has been made under the first 
heading, but further progress depends on a better under- 
standing of the processes of digestion in ruminants than 
is ours at present.* Farmers are provided with a useful' 
woiidag system ’whereby to calculate the food requirements 
of animals whether they are in production or not, and most 
of them would be satisfied with what they are told on this 
topic. It is possible to ration the animal under the two 
categories of maintenance and production — what is suffi- 
cient to maintain it in condition and at a stable weight, and 
what iS' sufficeat to enable it do a certain measured amount of 
work directly, as with the horse, or in produce, as with thc- 
sheep, pig or cow, over and above remaining merely stable.. 
Maintenance rations will vary with the kind of animal, 
its vreight and the amount of surface it exposes to loss of 
heat. Thus a fiu bullock , weighing about 1,750 lb. needs 
about 20,000 calories daily, whereas a sheep, which has a, 
larger surface in proportion to its weight and. also operates 

See for a fuller discussion of this question Penguin Science h’ews. 
No. 3, p. 159 
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at a higher teaiperature, will require about 2,000 caloric 
per 100 lb. Similarly a 6 cwt. cow requires 6/9 as ' mac 
food for maintenance as a 9 cwt. cow, other things bein, 
equal. Tables are available to show how much of an 
pariiciiiar food will produce the required quantity o 
calories. Production rations are expressed in terms of tin 
product desired, pound of flesh, gallon of milk, and so on 
For instance a cow giving three gallons of milk per da'] 
will require three times as great a production ration as 
one giving one gallon only, and here again the weights ol 
particular foods to feed per gallon have all been worked 
out. If this knowledge is used by the farmer as intelligently 
as it has been presented to him, much waste of nutrients 
can be avoided and he has little need to complain about 
the digestion of ruminants. Scientists, however, are puzzled, 
by various features which at the moment have slight' 
practical application, but which might be important 
eventually. For instance, ruminants can digest cellulose. 
This ill itself is something of a mystery, but the buffalo 
can live on rice straw and tree loppings. There is a future 
for any scientist w'ho can persuade cows to digest cellulose 
as efficiently as buffaloes do. Ruminants also have a strange 
indifference to the -amount of vitamin C in their diet: if it 
is short it is synthesised in the rumen and if there is too 
miicii it is destroyed. Simple nitrogen compounds like urea 
behave curiously when fed to ruminants. If fed pure or in 
solution they are quickly absorbed and excreted., but if fed 
in a close mixture with a cellulose material, part of the 
nitrogen behaves like protein or amino-acid nitrogen. These 
processes are not properly understood, because present 
ideas about ruminants’ digestions are empirical. 

Eiimination of secondary products and regularity of 
production are matters for endocrinology and endocrinology 
is news, because it offers the exciting prospect of being able 
to gerrymander natpre. The farmer’s problem is to bring 
cows into milk, in the autumn, once every year. This entails 
production of a calf, which more often than not is sJaugh- 



tered soon after birth, and whose, gestation detracts froni 
the mother’s milk production during the lactation preceding 
its birth. Calving in the autumn is made necessary by the 
winter-milk policy, since cows give most milk within 4 to 8 
weeks after calving, on the average. Now the cow has a 
gestation period of some nine months. That is, to get 
autumn calvers you have to have them come on heat and 
be struck in the depths of winter, not intended by Nature 
for love, still less for artificial insemination. Many cows do 
not “bull” at all during the winter, or very infrequently. 
Heats last only a few hours, frequently between dusk and 
dawn, and may be almost without external manifestation. 
In the summer, by contrast, heats may go on for 36 hours 
or so and a great fuss is made by the cow for all to see. 
In practice heifers are usually calved down in the autumn 
fairly successfully, and as they grow older their calving 
dates move further and further through the winter into the 
spring, the natural time, but one when the price of milk 
sharply falls. This is the importance of stilboestrol, which 
was dealt with in Science News 1, page 86. A detailed 
explanation will be found in that number of the method 
of action of the product, whose effect is to start animals 
ovulating fairly energetically, so that one can see and 
catch them. It is in fairly general use, but does not act 
infallibly. If barren cows and maiden heifers could be 
brought into milk by- injections of hormones or synthetic 
substances, they would not need to divert energy to gestation 
and could be made to produce regularly. It is feasible in 
the laboratory but not yet in the cowshed. 

Thus the picture of the dairy cow is that of an animal 
being rapidly altered from all purposes except milk- 
production, The farmer says there is too much tinkering 
about with her and is scared of damaging his capital or 
the breed he is interested in. The scientist cannot get on 
unless he delimits and defines his objectives ; moreover 
that is his intellectual habit; the cow must be specialised. 
The farmer’s habit is to be ready to switch according to 
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the market: he wants to see a profit both at A and Z, not 
just at some refinement of A, unless it’s a nice big one. 

Destruction of Aphides 

The general idea seems to be that DDT and Benzene 
Hexachloride will kill any insect for ever. They are certainly 
effective, especially against sucking insects such as lice and 
mosquitoes, but results of their application to aphides 
have so far been disappointing. Now aphides are currently 
described as the most serious pests of growing plants in 
tills country and almost every crop has its particular aphis, 
such as the peach aphis, the potato aphis, the cabbage 
aphis, the large green aphis which feeds on peas, beans 
and clover, the woolly aphis of apples and the leaf-curling 
aphis of plums. There are about a hundred varieties which 
harm our crops and many more innocuous ones. The 
damage caused is familiar to everyone in its direct aspect. 
The plant loses its vitality as the aphides suck its nutrients 
and sap ; it is poisoned by the saliva they inject into it, 
so that, for instance, the leaves become distorted in various 
ways; its leaves are covered with the sticky honeydew the 
insects have to void because they have taken up more sugar 
from the plant than they can use. Indirectly, aphides are 
a major factor in the transmission of virus diseases, for 
which their prodigious activity makes them very suitable. 
The annual loss caused by aphis-spread virus in the potato 
crop alone is estimated at something like £3,500,000 and 
the disease of sugar-beet known as ‘"y^J^ows”, which we 
owe to the peach aphis, is one of the great limits to yield. 
These are only examples of a loss which, if it could be 
accurately estimated, would astonish most of us. 

As has been Said, aphides are not so susceptible to the 
new' insecticides as some. Nor can they be controlled by 
the stomach poisons, such as lead arsenate, because they 
do not bite the surface of the leaves. (They insert their 
mouths, v/hicli are like tubes, into the channels in which 
the food materials of the plant are transported and suck 



them up.) They can only be killed by contact poisons 
and vapours. They are easily killed by preparations of 
pyrethrum or derris, or by nicotine. The first two are 
applied as dusts or sprays and the third by fumigation, 
but the methods have in common their laboriousoess and 
expense. Consequently they are not usually applied till die 
attack is seen to be bad — or rather, arrangements for 
applying them are not made until the attack is seen to be 
bad. By the time of applying, the infestation, which has 
a very short peak, may well be over, the damage done 
and not an aphis to be seen. Even supposing a successful 
attack on the infestation at its peak, no control has been 
achieved over virus diseases. The influx of aphides in 
spring builds up to its peak gradually and the dissemination 
of virus is continuous from the first. By the time the aphides ■ 
are noticed the virus is there, though the symptoms of * 
disease may not be yet apparent. This is a dismal tale, 
but fortunately the aphis is subject to parasites and pre- 
dators, against which it has no defence. It is attacked by 
a minute wasp, which lays its eggs in its body, and by' a 
fungus. It is eaten by ladybirds, by the larva of the dirty- 
looking wasp-like fly which hovers about in July and 
August (the hover fly) and by the adults and larva of the 
Lace-Wing fly. It is very delicate, and an infestation can 
be washed away by heavy rain, i 

Eggs of aphides can be destroyed in winter by the ordinary ^ 

tiir-oil or DNOC winter wash. The dilficuliy here is thal ' 

many species do not lay their eggs on the plants of wliich 
they are pests. It is one thing to destroy next year’s in- 
festation of your orchard by spraying in the winter, but 
it is quite another, for instance, to try to spray ah llic 
common spindle trees, on which next year’s infestation of f 
your beans and beet is brewing up. The eradication of the ** 
spindle as a national policy has been discussed, but it would 
clearly be very laborious. Furthermore the aphis in question 
(aphis fabae) can lay its eggs on the guelder rose, and mighi 
merely switch. The eggs of this aphis, probably our most 
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damaging species, are invulnerable to any frosts experienced 
here and are not attacked by parasites or predators. Their 
siirvival till March, when they hatch, is therefore guaranteed. 
The unfortunate fact, however, has been turned to good use. 
If virtually all the eggs of aphis fabae to be found on the 
spindle tree in December and January will hatch, it follows 
that an estimate of the infestation of next year’s beans 
and beet can reasonably be based on a count of the eggs. 
This hard work is carried out annually by the Advisory 
Dept, of the School of Agriculture at Cambridge. Spindle 
shoots from various parts of the country are gathered in 
the middle of the winter and a count of aphis eggs is made 
which, by careful comparison with records from previous 
years, enables surprisingly accurate forecasts to be made. 
Of course it is only a second-best: it would be much 
better to be able to kill the eggs. 

The general point is, that in this particular matter of 
insecticides, where science has had some of its most 
publicised triumphs, no effective technique has yet been 
evolved against the most important pest, the aphis : there 
are remedies, but they do not amount to an economically 
feasible technique except in particular instances. It is an 
illustration of the practical difficulties which meet the 
agricultural scientist : he does not just have to kill a hundred 
aphides out of a hundred in a cage; he has to work at a 
distance through human psychology and economics, 
rebellious unpredictables. But we may still hope for results. 
Research, which is world-wide, has so far been more con- 
cerned to elucidate than to interrupt the complicated life- 
history of the aphis. 



Problems of Nuclear Physics 

BY PROF. R. E. PEIERLS, F.R.S. 

1 . Introduction 

The physicist, like the boy who takes liis watch to pieces, 
is interested in wliat makes things tick. In taking things 
to pieces, the pieces get smaller and smaller, and the laws 
that describe their behaviour get more fascinating. At the 
beginning of this century we were learning how to dismantle 
atoms, and by about 1930 their behaviour had been under- 
stood in all important respects, though there are still now 
many points of detail to be explored. Meanwhile the most 
inquisitive people turned to the nucleus, the small core of 
the atom. Some insight into the nucleus has been gained 
already. We know what nuclei are made of and, like the 
boy with the watch, we have learnt to take nuclei to pieces 
and (unlike most boys) how to put them together again. 
?/e know a good deal about their behaviour in various 
circumstances, but we have yet to obtain a clear under- 
standing of what precisely makes them tick. 

Some of what follows overlaps with the recent article by 
Bethe (“Atoms and Nuclei,” Science News 1, p. 19). 
Some of the gaps I shall have to leave can be filled in by 
reference to that article. 

2. What Are Nuclei Made Of? 

We know, first of all, that nuclei contain protons. These 
are small particles weighing practically as much as an atom 
of hydrogen, whose nucleus is just one proton. They carry 
a positive electric charge, and the charge on a nuclens 
depends on just how many protons it contains. We know 
there are protons in the nucleus since we can actually 
dislodge them from nuclei by hitting them hard enough 
■■■■. 62 ... , , ■ ■ 
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with suitable particles. The first example of this kind 
Rutherford’s discovery that the passage of fast alp! 
particles from radium through air can dislodge proto 
from some of the nitrogen nuclei. 

Similarly, we know that nuclei contain neutrons. T1 
evidence is again the fact that we can dislodge neutroi 
from nuclei by suitable bombardment, a typical exanip] 
being the production of neutrons from radium and bery. 
hum, first studied by Bethe and identified by Ciiadwicx 
Msutrons are particles with no electric charge, weighin: 
about the same as protons (actually slightly more). Now i. 
all nuclei are made of neutrons and protons and aothini 
else, one would expect that the weight of any nucleui 
should equal the weight of a suitable number of protons 
plus that of a number of neutrons. This is very nearly, but 
not exactly, true. Even for the difference there is an expiana-* 
tion in the law, which Einstein derived from the theory of 
relativity, that mass and energy are different forms of the 
same thing, or in other words, that energy has weight. 
When particles are bound together into a nucleus, energy 
is liberated, and work would have to be done in order to 
pry them apart again. This means that the nucleus has less 
energy than its parts taken separately, and according to 
Einstein’s law it has also smaller weight. This “mass defect” 
is, therefore, a measure of how strongly the nucleus is held 
together. In fact, the comparison between its mass defect 
and the energy needed for breaking up a nucleus provides 
one of the most direct proofs of Einstein’s law. 

One would, therefore, conclude that nuclei are made of 
protons, neutrons and nothing else, but here we meet a 
difficulty. Protons and neutrons are not the only things 
\viiich can come out of nuclei. It is known that radioactive 
nuclei can also emit beta rays, Theseconsist of ordinary (i.e., 
negative) electrons or in some cases of positive electrons. 
Must we not, therefore, conclude that the nucleus contains 
a store of positive and negative electrons as well as neutrons 
and protons? It is the present view of physicists that this i.s 


not the casGj but the reasons for this need some explanation. 

3. Where Do Beta Rays Come From? 

The situation can perhaps be compared to that of the 
scientists in the old days who observed that you could get 
fire from coal and w^ho concluded that the coal and other 
fuels contained a substance which they called phlogiston, 
which could, come out in the form of a fiame. Nowadays 
we do not talk of the fire, being in the coal but we think of 
it as a phenomenon which is produced by the reaction of 
coal with the oxygen of the air. We might think then that 
electrons are not stored in the nucleus but are produced 
by the transformation that takes place in a nucleus when 
it undergoes the so-called beta decay. The notion of 
material particles like electrons being produced is somewhat 
surprising at first, but there are other cases in which this 
is by now a familiar phenomenon. 

It is known that electrons can be produced in pairs, one 
positive and one negative, by the passage of radiation 
through matter. If gamma rays (i.e., very short-wave 
electromagnetic radiation) of sulficiently high frequency 
pass near an atomic nucleus, one finds pairs of positive 
and negative electrons created. According to Einstein’s law, 
the amount of energy which equals the mass of two electrons 
is just about one million electron volts (or MeV, for short), 
In other words, in order to produce pairs from artificially 
produced radiation, one has to employ a machine giving 
energies well above the million-volt region. Conversely, the 
collision of a positive and a negative electron can lead to 
their destruction, with their mass being converted into 
radiation. If we had matter containing a lot of free positive 
and negative electrons, this destruction would continiie 
quite rapidly until there were either no more positive or 
no more negative electrons left. This is the reason w,liy we 
never find any positive electrons occurring free in nature 
unless we catch them when they have just been produced 
by some suitable process. 
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4. Why do Electrons not fall into the Nucleus? 

We must then not regard electrons as indestructible, but 
this would not yet exclude the possibility of their existing 
inside a nucleus. It is, however, very ditficult to imagine 
that electrons could exist inside nuclei. The reason for this 
is that on the laws of quantum theory, i.e., the laws which 
have been found to govern the motion of electrons in atoms, 
it takes some definite energy to force an electron to move 
in a limited region of space. This is substantially the reason 
why atoms can exist at all.. On- the laws of “classical” 
mechanics, which covers the motion of bodies of a reason- 
able size, the electron would be capable of losing more 
and more energy by approaching closer and closer to a 
positive charge, such as an atomic nucleus. This energy 
would be given out in the form of light and in other ways, 
until the electron had fallen right into the nucleus. On the 
quantum theory there comes a point when the attraction 
pulling the electron towards the nucleus is not strong 
enough to confine the electron to a still smaller region, 
and for this reason atoms of finite size can be perfectly 
stable. To confine electrons to a region, not of the size of 
an atom, but of the size of a nucleus, would require an 
energy larger in proportion to the inverse square of the 
diameter of that region. Since the diameter of a nucleus is 
about ten thousand times smaller than that of an atom 
we w'ould require an energy about 100 million times larger 
than atomic energies. The electrons could be stored inside 
nuclei only if there was a force capable of producing several 
hundred MeV on the approach of an electron. It would 
then be a strange coincidence if the force should just be 
sufficient and not a little too much. One would in this case 
expect the net gain in energy, i.e., the difference between 
the work done by the attractive force and used up to confine 
the electron to be a reasonable fraction of the total. Actually, 
however, nuclear binding energies are only of the ordei- 
of a few MeV, This is the order of magnitude of the work 
needed to confine a heavy particle, such as a neutron, to 



a region of nuclear dimensions and it looks, therefore, 
rather more reasonable to suppose that the motion of heavy 
particles only is involved in forming a nucleus. 

Another and perhaps more important argument is this: 
in certain cases it is possible to increase the charge of a 
nucleus by one unit by means of the impact of a proton, 
which gets caught in the nucleus and dislodges a neutron, 
so that a charged particle has been substituted for an 
uncharged one. The resulting nucleus has more cliarge than 
is good for its weight and tends to reduce its charge by 
beta decay in which a positive electron is emitted. If after 
this we add one or more neutrons, the mieleus may now 
be too heavy for its charge and increase it by the emission 
of a negative electron. We can now remove the spare 
neutrons, for instance, by bombardment with fast particles, 
and in this way return to a nucleus of the same weight and 
charge as the one we started with in the beginning. The net 
result is then that, apart from putting protons and neutrons 
into the nucleus and taking them out again, we have 
obtained a negative and a positive electron, and if these 
had come from a store inside the nucleus, the nucleus must 
now be that much poorer in electrons. However, the nucleus 
which we have obtained will be in all appearances the same 
as the original one and we can, in fact, go on repeating 
this experiment indefinitely. Since there can. hardly be an 
unlimited store of electrons inside, we have to conclude 
that at least some must have been produced in the process, 
and it is then more satisfactory to think that, in fact, ail 
of them have been so produced. 

5. Doubts about Neutrons and Protons 
Once we have accepted the idea that not everything that 
comes out of a nucleus must necessarily have been inside 
to begin with, should we review our conclusion that 
neutrons and protons are inside? Here we seem on much 
safer gi'ound, since these are nearly 2,000 times heavier 
than the electron, so that the production of even only one 



CLEAR PHYSICS f 

neutron would invoive an energy of the order of a thousan 
MeV„ These amounts of energy are not usually available ii 
nuclear transformations and while the production of heavie; 
particles is, no doubt, possible in principle, it cannot tak^ 
place in those transformations in which we usually observe 
the emission of protons or neutrons. 

However, while the production of heavy particles is 
difficult, this is not necessarily true of a change in -their 
nature. The neutron has about the same mass, i.e., it has 
about as much energy as a proton, and from the point of 
view of energy alone it should be quite easy to change the 
one into the other. We know, however, that electric charge 
cannot be created or destroyed, and hence if a neutron 
becomes a proton some positive charge must be disposed 
of or some negative charge used up. This is precisely what 
happens in the process of beta decay when, for e.xample, a 
positive electron is produced. Since in this process the 
charge of the nucleus must go down one unit, a proton 
must have converted itself into a neutron. Another possible 
process is that a proton becomes a neutron, the charge 
being balanced by another neutron converting itself into 
a proton, i.e., the net result is that the two particles exchange 
their nature. There is reason to think that such an exchange 
is a very' common process inside a nucleus, although the 
evidence for it is very circumstantial and there is as yet no 
very direct experimental confirmation. The question could 
be settled in the following way: if a very fast neutron 
collides with a proton it is likely to be deflected from its 
way by only a small amount and to give only a small 
velocity to the proton which it has hit. One would then 
expect that the passage of very fast neutrons through 
hydrogen should result in only a small spreading of the 
neutron beam and in weak recoils of the protons. If, on 
the other hand, the proton and neutron had a strong 
inclination to change their roles, the neutron which proceeds 
on its way would now have become a proton and vice 
versa, so that we would ex;pect the protons to go forward 



and neutrons to stay behind. In the extreme form which 
I have described, this effect probably would require neutrons 
of energies of the order of 100 MeV, which are not at 
present available for measurements. But even at 20 or 30 
MeV one expects a tendency of more protons or more 
neutrons to go forward, and such measurements would, 
therefore, settle the question of the proton-neutron 
exchange. 

If this exchange is really a very frequent phenomenon it 
may not be possible to keep the identities of the particles 
clear while they are strongly interacting. It might still be 
possible to look at some point inside a nucleus and to say 
“Here is a heavy particle” but it might be rather more 
difficult to say with certainty whether what we have picked 
up was a neutron or a proton. 

To summarise, we have so far seen that nuclei do not 
contain electrons and that they contain protons and 
neutrons, the total number of each kind being known from 
the known weight and charge of the nucleus, but possibly 
with their identities getting somewhat confused. 

6. Nuclear Forces 

What are the forces that hold the parts of the nucleus 
together? They can certainly not be electric forces, like 
those that confine the electrons in the atoms, for two 
reasons. First, because all the particles either have no 
electric charge or a positive one. Since like charges repel 
each other, this^ would never lead to attraction. Secondly, 
we need forces which are very much stronger than electric 
forces would be in regions of the size of a nucleus. A light 
nucleus is about 10,000 times smaller than a hydrogen 
atom, and since Coulomb’s law says that electric energies 
go inversely as the distance between the particles, one would 
expect electric energies in the nucleus to amount to 10,000 
times atomic energies, that is perhaps to a few hundred 
thousand electron volts, whereas nuclear binding energies 
are of the order of several millions. 



There must, therefore, be a new type of force acting 
between these particles, and one can see at once that these 
must be ‘"short-range” forces, that is to say, they must 
diminish with increasing distance more quickly than electric 
forces. Otherwise the interaction, in ordinary conditions, 
of two pieces of matter a fair distance apart should depend 
not only on their electric charge but also on the type of 
nuclei which they contain. This is not the case. 

Indeed, the study of a collision between two protons 
(observed by letting beams of fast protons pass through 
hydrogen) confirms precisely the laws calculated on the 
assumption of purely electric forces as long as the protons 
are slow enough. With reasonably slow protons, i.e., of 
energies below about 1 MeV, the electric repulsion will 
prevent them from approaching closer than within 3 x 10“i® 
cm., which is just about the mean distance between particles 
inside a nucleus. 

When, however, the proton energy rises beyond this 
value, strong anomalies are found in the scattering which 
can be explained only by assuming that a new attractive 
force begins to act at about that distance. Similar results i 
have been obtained from the interaction of neutrons with 
protons at low energies. 

A good deal of information has been collected about the 
force between a neutron and a proton. Some of it comes 
from the study of collisions between neutrons and protons 
(passage of neutrons through hydrogen). More can be 
inferred from the properties of the deuteron, i.e., the 
nucleus of “heavy hydrogen,” which is made of just one 
proton and one neutron. 

This nucleus plays the same important part in nuclear * 
physics as the hydrogen atom (one proton and one electron) 
in atomic physics. Unfortunately, while the hydrogen atom 
has a series of excited states which give rise to distinctive 
spectral lines w|,ich could serve to test any theory, the 
deuteron has no excited states, since the forces are only just 
sufficient to hold the two particles together in their normal 


state. Any extra energy given to them is sufficient to tear 
them apart. 

We, can, however, study th'e way in wiiicli the deuteron 
breaks up, for example, under the effect of gamma radiatiori, 
and also the reverse process, the capture of a neutron by a 
proton, when the surplus energy comes out in the form of 
gamma rays. 

As to the forces between two protons, the scattering of 
protons by hydrogen has already been mentioned. A 
collision between two neutrons cannot be observed with 
present techniques. What we know about neutron-neutron 
forces comes from the following reasoning. Compare lU'o 
nuclei sucli as helium 3, containing two protons and one 
neutron, and hydrogen 3, with two neutrons and one 
proton. Their masses and other properties are so similar 
that one can conclude that their only difference is due to 
the electric charge on the extra proton, and the slight 
difference between neutron and proton mass, but that the 
nuclear force between tv/o protons and that between two 
neutrons is the same. This conclusion is borne out by 
similar comparisons in all other cases where data exist. 

. More evidence on all these forces can be obtained by 
studying the binding energies of heavier nuclei, but here 
the evidence becomes more circumstantial and is not so 
easy to summarize. 

In this way it has been possible to form a fairly close 
estimate of the range of the forces, i.e., the distance over 
which they are effective, and of their strength at close 
approach. The precise law of variation of force with dis- 
tance, however, is not yet known at all accurately. 

7. Refinements 

In studying, for example, the scattering of neutrons by 
protons, it is found that some neutrons are scattered in a 
manner quite different from what one would have expected 
from the forces which we deduced from their interaction 
in the deuteron. 
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This apparent contradiction has been shown to be due 
to the fact that nnciear forces depend on the spin directions 
of the two particles. In quantum theory each particle, such 
as an electron, proton or neutron has a “spin,” as if it 
were revolving about its- own axis with constant speed. 
The spins of two such particles which collide, must always 
be either in the same or opposite directions. 

It turns out that the force depends on vrhethcr the one 
or the other is the case. The attractive force is stronger if 
the spins are parallel, and this is the case in the deuteron. 

For opposite spins the attraction is not strong enough 
to give a bound state at ail, and no deuteron in which the 
spins are opposed is possible. 

Moreover, the proton-neutron interaction may depend 
on whether or not the two particles happen to be in exactly 
the same state of motion. 

To understand this, we must remember the possibility 
mentioned before, of the two particles changing tlieir r6ie, 
or what amounts to the same, proton and neutron changing 
places. This exchange process is not possible if they are in 
different places since it would involve a sudden jump. So 
the exchange can take place only if the particles are as 
nearly in the same place as, within the laws of quantum 
mechanics, we can tell. Similarly they must be moving, as 
nearly as we can tell, with the same speed. If this exchange 
process contributes at all to the interaction energy of the 
particles the resulting force will therefore be different 
according to whether the particles are in the same state 
of motion or not. 

In the case of two like particles, say two protons, this 
distinction does not arise, since there is a strange law in 
quantum mechanics, discovered by Pauli, according to 
which two like particles can never be in the same state of 
motion and also have parallel spin. This law leads- to the 
known structure of the atom, in which only two electrons 
(with opposite spins) can be in the most stable orbit or 
“K~slieli”, two in the next higher one, etc. Henbe for like 



particles the question of exchange does not arise, and the 
only refinement here is the dependence on spin. 

We believe that the laws of quantum mechanics which 
have been found applicable on the atomic scale, are also 
valid ill the nucleus, and that only the nature of the forces 
acting between these particles is different. If this is right, 
then, if ive could only find out exactly what the forces are, 
we could work out what the properties of any particular 
nucleus should be. At the present this programme is held 
up for two reasons. The first is that our knowledge of the 
forces is still very crude. The second reason is that once 
we deal with any problem involving more than three or 
four particles, the purely mathematical complications in 
solving the problems, assuming the forces to be known, 
become almost prohibitive. In fact, already the problem of 
three or four particles is very terrifying even to a mathe- 
matician with a high degree of skill and courage, and only 
lately very ingenious methods have been devised that allow 
us to deal with these problems with quite a reasonable 
effort. 

The situation is even more complex than the above 
picture would indicate. It had always been taken for granted 
that the force between two particles was a “central” force, 
i.e., one pulling the one particle in a direction towards the 
other or away from it, but there is no reason why this 
should always be the case. 

If the forces were such central forces, one would expect 
most nuclei to be spherical in shape, and in particular in 
the deuteron one would expect the neutron and the proton 
to run about each other so that the line joining them would 
be equally likely to point just in any direction in space. 
This means that the region occupied by the proton or 
neutron on the average would again be a sphere. 
However, very ingenious experiments by Rabi and his 
collaborators on the effect of electric fields on the deuteron 
have revealed the fact that the deuteron is not spherical in 
shape but elongated like an egg. This'rnust be, due to forces 



which tend to push the neutron and the proton into a 
certain direction relative to each other. Once the existence 
of such “non-central” forces was discovered one had to 
see how much of the mathematical work done previously 
with central forces could still be trusted. This process is 
stlli going on, but again the feet that we have no information 
of the precise nature of the forces and, for example, their 
dependence on the distance between the particles, is a 
serious handicap, 

%. Nuclear Reactions 

From what I have said so far, one might gather that, 
until we have a better knowledge of the nuclear forces, we 
cannot describe in detail what goes on inside a nucleus. 
That is not a correct impression, since it turns out that 
many of the properties of nuclei, and in particular the nature 
of nuclear reactions, is not at all sensitive to the precise 
nature of the forces, so that there is a good deal we can 
understand even on the basis of our present vague know- 
ledge of the forces. It all adds up to a rather satisfactory 
picture, which was built up following the ideas of Bohr. 
What we know is that the nucleus behaves rather like a drop 
of liquid, roughly spherical in shape, or somewhat egg- 
shaped to be precise, with the density much the same for 
iiea\7 or light nuclei. On being disturbed, for instance, 
by a collision with another particle, the matter inside the 
nucleus is set into irregular motion. This is violent even if 
the colliding particle was very slow, since the short-range 
attraction speeds it up on its final approach to the nucleus ; 
it therefore arrives with a proper impact. Like a billiard 
ball that collides with a cluster of other bails on the table, 
the particle shares out its energy with all the others and in 
general none of them is left with enough speed to overcome 
the attraction and get away. Whether in the subsequent 
motion one of the particles happens to pick up enough 
speed to get away, is a matter, of chance ; in any case it 
will take a little while before this happens. Until it happens, 



the nucleus holds together like un atoffl or molecule and, 
just as in those cases, definite energy levels or quantum 
states are, prescribed for the nucleus. In this v/ay there 
exist fairly sharp energy levels for a nucleus even when its 
energy is high enough for one of the particles in it to get 
away. The result of a collision depends, then, very much 
on whether the extra particle arrives with a velocity tliat 
will leave the combined nucleus, with this new particle 
added, with an energy just equal to one of the quantum 
states. In this case one speaks of “resonance”. If there is 
no resonance the extra particle will not be able to get into 
the nucleus at all. 

The description of nuclear reactions depends, therefore, 
on the position of the resonance levels and their properties. 
Their precise position, of course, cannot be, predicted 
without a very reliable knowledge of the forces, but about 
their general properties quite a lot can be found out. For 
instance, we can study the way in which the result of a 
collision depends on whether the* energy is very exactly 
equal to that of the resonance level, or whether it is a 
little difterent from it. The results have been found to agree 
very well with the general theory and this confirms tiie 
belief that the general laws of quantum theory hold for the 
nucleus as well as for the atom. 

9. Meson Theory of Forces 

So far I have talked about the forces between nuclear 
particles as something given without enquiring where they 
come from. Let us turn for a moment to the atom by way 
of analogy. We know that an atom is held together by 
electric attraction, which is governed by Coulomb’s law 
about the attraction of opposite charges. This means two 
electric charges held at a distance from each other attract 
or repel each other, as the case may be, and this can be 
verified eksily on a larger scale in the laboratory. It is not 
satisfactory, however, to think that a body can exercise a 
direct influence on another at a distance, without bringing 
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in some means by which this effect is transmitted from 
point to point. In the case of electric forces this is, in fact, 
described by Maxwell’s idea of the electromagnetic field, 
which exists at any point in "space and which transmits 
disturbances ioealiy. in the same way, for instance, the 
turning of a light switch in your house does not have a 
direct effect on the lamp, which may be some'distance a\vay, 
but it causes a change in the voltage of the conducting 
wires nearby, which will be transmitted from place to place 
until it reaches the lamp. 

We know also that such electromagnetic disturbances 
travel in empty space with the velocity of light, and light 
is simply a particular form of such a disturbance, , 

Now, in the quantum theory a light signal cannot be 
sub-divided indefinitely, but consists of finite units, so-cailed 
light quanta, or “photons”, each carrying an amount of 
energy proportional to the frequency of the light wave of 
which they form part. These behave in many ways as if 
they were definite particles. Only, since massive particles 
could’ never move with light velocity, they are particles 
without mass and they can never be stopped ■ without 
making them disappear altogether. 

Things are quite similar as regards nuclear forces. One 
would again look for a kind of field which transmits the 
force betv/een, say, a neutron and a proton, only in this 
case the particles into which such a field can be resolved 
cannot be particles without mass. If they were, the .law 
for the forces would come out precisely the same as that 
for electric forces, and we would then not be able to account 
for tlie existence of short-range forces. If, however, we 
assume that this field is made up of particles' with a finite 
mass, then we obtain short-range forces ; in order to get 
the right sort of range we have to assmne that their mass 
is about 200 times greater than the electron mass, or in 
other words about one-tenth of that of the proton. Such 
particles then are intermediate in mass between those 
previously known, and they afe now called “mesons”. The 



reasoning 1 have given here is substantially that used by 
the Japanese Yukawa in 1935, and shortly afterwards it 
v/as discovered that particles with just about that mass 
existed in cosmic radiation. These particles were found to 
carry one unit of electric charge like the electron or the 
proton. There may also exist similar particles without 
charge, but they would be much harder to detect. 

Just as electric forces arise from the possibility of one 
charge giving out a light quantum and the other accepting 
it, the nuclear forces would require the possibility of one 
particle giving out a meson and another absorbing it. If 
this involves charged mesons then, for instance, a positive 
meson could only be given out by a proton, which in the 
process would turn into a neutron, and it could only be 
taken up by a neutron, which would thereby become a 
proton. In this way the overall result is that the two 
particles have changed their nature and this leads in a 
natural way to the exchange forces which I have described 
before. The same mechanism, however, will not produce 
any interaction between two protons. To account for 
proton-proton and neutron-neutron, forces, we have to 
postulate that there exist neutral as well as charged mesons. 

This meson theory of the nuclear forces is extremely 
attractive, but there is as yet no direct evidence in its 
favour. Recent experiments, in fact, make it likely that the 
picture is a good deal more complicated than appeared at 
first. For example, recent work at Bristol by Powell’s team 
has proved that in cosmic rays there exist at least two 
kinds of mesons with somewhat different weights, and that 
the heavier one can change into the lighter one, part of the 
mass difference being set free as energy. 

In any case it has not yet proved possible to work out 
consistently the consequences of the meson theory of the 
forces, since this needs the application of the methods of 
quantum theory to a continuous field. Already in the case 
of the electromagnetic field this proved to be one of the 
most stubborn problems of modern mathematical physics, 
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and while many people have tried to overcome the diffi- 
culties, no satisfactory solution has yet been found. It is 
not surprising that the same difficulties have appeared in 
the case of the meson field and that they, too, have so far 
defied any attempts to solve it. It is becoming more and 
more likely that what is needed here is not just a slight 
mathematical refinement of our existing methods, but 
something completely new and important. 

Whether this new step forward will ultimately be de- 
veloped by altering our description of the known facts and 
thereby bringing order into them, or by new discoveries of 
phenomena of which nothing is yet known, remains to be 
seen. 

There is in any case no doubt that our knowledge of all 
these problems will make an enormous step forward when 
physicists succeed in accelerating particles to energies of 
several hundred MeV, since it is then likely that one will be 
able to produce mesons at will, rather than work with the 
scanty supply provided by the cosmic rays. 

10. Beta Decay. The Neutrino 

I have already referred to beta decay, i.e., to the possi- 
bility of a nucleus changing its charge and producing an 
electron (positive or negative) in the process, but there is 
more to it than that. One would have expected all the 
electrons coming out of a given type of nucleus to have 
the same velocity, so that the energy they take away would 
just balance the energy change in the nucleus. But very 
^ early in the work on beta rays it was found that electrons 
from any substance undergoing beta decay covered a very- 
wide range of velocities. This might mean that either the 
nuclei from which the electrons came, or those left behind 
as a result of the process, had varying energies, but in all 
other ways all nuclei of a given type appear quite identical, 
and, for instance, no variation could be detected in their 
weight. By studying the energy balance in other reactions 
involving the same nuclei, it was established that the energy 



would just balance for the fastest electron that occurred in 
the beta process. Whenever an electron with less energy 
cams out, and this was in the overwhelnring majority of 
cases, some energy appeared to have got lost. 

Physicists were very reluctant to think that the law of 
the conservation of energy might not apply in this case, 
since this law was of such fundamental importance and had 
been established in so many other parts of physics. 

The alternative is to assume that the missing energy is 
given out in some new form, in which it escapes detection. 
The hypothesis was proposed by Pauli that an unknown 
particle with no electric charge and of small mass was 
produced together with the electron, Fermi, who carried 
this hypothesis a good deal further, gave this particle the 
name “neutrino”. 

There is another reason to believe in the existence of this 
new particle. I have explained that electrons, protons and 
neutrons each have a spin, even apart from their rotation 
about each other. Quantum theory teaches that the spin of 
each particle is just one-half of the smallest angular mo- 
mentum that two particles can have when revolving about 
each other. Let us consider a nucleus of which the total 
number of neutrons and protons combined is an even 
number. Its spin, therefore, consists of an even number of 
half units or, in other words, a whole number of units, 
plus the effect of their motion which again gives a whole 
number of units. After the electron has been thrown out 
as a beta ray the total number of neutrons and protons has 
not changed, so the total spin is still a whole number, but 
the electron has now carried away one half-unit of spin. 
The motion of the electron contributes whole units and 
cannot, therefore, make up for the discrepancy. This process 
would, therefore, violate the conservation of angular mo- 
mentum, which is as basic as the conservation of energy. 
If there is a neutrino it would be perfectly reasonable to 
expect it also to have half a .unit of spin like the other 
particles and this would immediately remove the trouble. 
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So far, however, evidence for the neutrino is entirely - 
circumstantial. It is true that the Fermi theory gives quite 
a satisfactory descrqjtion oT such details as the velocity 
distribution of the beta electrons, but one v/ould like to be 
able to pick up a neutrino occasionally, instead of only 
losing them all the time. Now it is quite true that if neutrinos 
can be thrown out by a nucleus, it must also be possible to 
catch them again, but both are very rare phenomena. Beta 
decay is very slow compared to the times taken by other 
nuclear reactions, and one must, therefore, expect the 
reverse process, i.e., the capture of a neutrino, also to be 
very rare. On the Fermi theory, a neutrino could indeed 
go very many times across the interior of the earth and still 
have practically no chance of hitting anything on its way. 
This makes the neutrino a very elusive particle, btit no 
physicist will give up hope that one day a method might 
be found by which to show it up. 

11. Conclusion 

It would have been much easier to write this article » 
fifteen years ago. Then our knowledge of nuclei made a 
very much tidier picture. There were fewer elementary 
particles and it appeared likely that the remaining gaps in 
our knowledge about them could be filled rapidly. We 
now know that this was due to our ignorance, and that 
these gaps contained a wealth of new facts which we then 
did not even suspect. A new landscape lias been opened 
up and it will take us time to find our way about in it, 
but just this bewildering variety of new thi ngs makes nuclear 
physics one of the most exciting branches of Science to-day. 


Diatoms 

BY N, INGRAM HENDEY 

JVhere They Are Found 

The study of diatoms has been tied necessarily to the 
development of the microscope as an aid to vision^ and 
many of the early records are confused and unreliable. It 
seems quite certain, however, that the famous Dutch 
observer, Antony van Leeuwenhoek, was engaged in corre- 
spondence with English observers concerning the wealth 
of minute living organisms which the microscope revealed, 
and the first published description of a diatom was given 
by an unknown English microscopist as early as July 5, 
1703. This account, in the form of a letter to Leeuwenhoek, 
together with an accurate illustration, appeared in Philo- 
sophical Transactions of the Royal Society (1703). The 
unnamed writer had examined a drop of pond water which 
contained the common Lemna or “duck-meat” and had 
observed diatoms attached thereto. 

Diatoms ate to be found practically speaking wherever 
there is water and an adequate amount of light. Freshwater 
forms are found in every pond, stream and wayside ditch, 
in all parts of the world. They are found in the mountain- top 
lakes of Titicaca in Peru, at an altitude of 10,000 feet, and 
in the thermal springs of Yellowstone Park and of Kam- 
chatka, where the temperature of the water is more than 
50°C. Another section of the freshwater flora inhabits the 
thin film of moisture that invests soil particles. En masse, 
diatoms appear as a greenish-brown scum floating upon 
the surface of the water, or as a film covering mud or 
stones at the bottom of ponds, ditches, etc. Others form 
frondose colonies and attach themselves to plants or debris 
in the water. The marine flora extends over all the oceans 



from the polar ice cap to the tropics, and constitutes tl 
largest vegetable element in the vast floating fields < 
microscopic life referred to as “plankton”. 

All diatoms are unicellular, and each individual cell 
capable of carrying out all the vital functions of life, an 
reproduces by the simple method of fission. They iiv 
mainly free and unattached, but some species link them 
selves together to form chains, or live within a special! 
secreted mucous sheath or envelope and assume tli 
•appearance and habit -of a small filamentous seaweed 
attaching themselves in like manner to larger object; 
immersed in the water. One species in the Antarctic inhabiti 
cracks in the skin of the whale, while another is found ir 
oyster beds. Most species are veiy sensitive to the chemical 
and physical factors of their environment, and truly fresh- 
water species never are found living under marine conditions 
of the open sea, and vice versa, although a brackish water 
flora exists which has a considerable toleration for sodium 
chloride and is found’ sometimes in fairly fresh waters, as 
well as in coastal waters, particularly in estuaries. 

Diatom productivity in the surface waters of the great 
oceans shows a very marked seasonal variation. Two clearly 
marked maxima are to be observ'ed, one in the spring, and 
the other in the autumn, the former being the more intense, 
particularly in polar waters. The limiting factors are not 
always the same for different areas, but it appears that the 
exhaustion of nutrient substances, such as phosphates and 
nitrates, and available silica for structural purposes may 
inhibit diatom growth. During periods of great diatom 
activity the surface waters may become so densely populated 
that sea bird.s alighting in search of food frequently get 
their feathers so clogged that they are unable to rise again. 
When the organisms die the tiny cells sink slowly, the 
organic material becomes disintegrated by bacterial action, 
and the siliceous frustules (their characteristically sculptured 
shells) collect on the floor of the ocean to form a deep-sea 
ooze. During geological time deposits of considerable thick- 



ness accumulate, and cataclysmic movement of the earth's 
crust may raise the floor of the ocean and cause the waters 
to be drained away, leaving the diatoms high and dry, 
often to be overlaid by lavaj, volcanic ash, or some other 
geological formation. The superimposed layers exert a 
pressure upon the diatom deposit and compact it into a 
hard rock-iike substance. Vast deposits of fossilised dia- 
tomaceous earth exist in many parts of the v/orid, the more 
important ones being in Germany, Algeria, Kenya, and 
California. In Britain small deposits have been found in 
the Kentinere district and in certain islands off the west 
coast of Scotland. The Californian, deposits are among 
the largest and purest in the world and attain a thickness of 
more than 1,000 feet over a very considerable area. Some 
idea of the geological time required to form such a deposit, 
and the number of organisms involved, can be gained by 
realising that after death, small organisms such as diatoms 
w'ould take several years to fall to the bottom of the ocean, 
and that each cubic inch of diatomaceous earth would 
contain something like 60,000,000 cells. 

Structure of Diatoms 

Viewed under a high-power microscope, diatoms are not 
at all piant-like in appearance, for there is no differentiation 
of parts into stem, leaves or roots, as in ordinary plants. 
Each plant consists of one single cell microscopic in size, 
varying from 4 microns up to 500 microns in diameter, or 
let us say irora 1/6000 inch up to 1/50 inch; These 
dimensional extremes are enjoyed only by a few, while the 
bulk of the species recognised (there are about 15,000 sorts 
in all) vary from 25 microns to 200 microns in diameter, 
that is, frorrT 1/1000 inch to 1/125 inch approximately. 
The cell is basically the same as the ceils of the higher 
plants and contains the central, all-important nucleus 
suspended upon a network of protoplasmic strands, accom- 
panied by a number of coloured bodies, called chromato- 
phores. These chromatophores are often flattened kidney- 
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yJiaped, or roughly spherical bodies, and contain the 
chlorophyll, a green pigment common to most plants, 
logether with a brown pigment called diatomin. These two 
coloured substances control the photosynthetic processes 
by which in. the presence of sunlight the plant is enabled 
to form nutrient materials necessary to its life. The chro- 
inatophores may be regarded, therefore, as laboratories in 
which complex organic foodstuffs are produced fro-cn 
relatively simple substances. All these elements are con- 
tained within an extremely tenuous membrane, the peri- 
zonium. Thus far, the diatom cell is vety like that of any 
other plant, but differs from it very markedly in the 
following respect. The diatom deposits an outer coating of 
non-crystalline siliceous material, a white substance allied 
to quartz. This outer coating or frustiile, as it is called, 
is quite hard and rigid, and is deposited in a perfectly 
symmetrical manner. The frustule is really a box, composed 
of an upper and lower lid, each fitted with a girdle band 
around the edge. The upper lid and girdle is slightly larger 
than the lower, over which it fits, in the manner of the lid 
of a pill-box. The two halves, or valves as they are called,, 
are otherwise identical in all respects. i 

The shape of the frustule may vary considerably. Many 
of the marine ones are circular, or broadly oval, others 
triangular or quadrangular, while most of those which live 
in fresh water are boat-shaped. The surface of the silica 
frustule is exquisitely ornamented with radiating or curved 
lines, which may be thickenings in the silica, or more often, 
perforations through it. These markings are characteristic 
of the species. Most of the markings are very difficult to 
see, even with a good microscope, and in some species they 
lie at the limits of resolution in white light, that is, the lines 
are in the neighbourhood of 125,000 to the inch. The 
electron microscope has placed in our hands, however, a 
new powerful tool, which shows that many of the per- 
forations have an internal plate, which is again perforated, 
the ultimate perforations being of the order of 100 Angstrom 



units ill diameter, or somewhere ia the neighbourhood cf 
I /2,500,000th of an in.ch, Whatevear the true nature of these 
markings proves to be, they are aixanged over the surface 
of the frustiile in an endless array of design, which makes 
the diatom one of the most beautiful objects in the naturai 
world. The existence of infinite beauty in Nature, particulariy 
in microscopic things well below the range of norma! vision, 
has always been a subject for speculation. In the diatom 
the structure is undoubtedly functional, that is, the per- 
forations have a job to do (see below), but no apparent 
reason is immediately forthcoming for the arrangement of 
the performations in the form of a pattern. Here structure 
is arranged to produce a design. The endless pattern may 
be functional also, in an obscure way, but for the moment 
it appears that Nature is utilising Design without Reason. 

One extraordinary feature of the design upon diatoms is 
the precision with which it is reproduced. It was stated 
earlier that the diatom frustule was in the nature of a 
pill-box, and when the cell is about to undergo reproduction 
the lids' of the box move apart slightly until the edges of 
the girdles are almost parting company. This movement of 
the valves brings about an increase in the internal capacity 
of the cell by adding to its depth. Nuclear division then takes 
place, and the daughter-nuclei take up positions at opposite 
ends of the cell. The protoplasm divides and surrounds the 
two newly-formed nuclei and two new valves are formed 
inside the mother-cell. When the formation of the ncNv 
valves is complete, the two daughter cells part and continue 
a separate existence. Thus each diatom consists of one old 
valve and one new one. Generation after generation, 
throughout many millions of years, the design which is 
characteristic of the species is faithfully reproduced. It will, 
be seen also that as the daughter-cells are formed inside 
the mother-cell and that the two new valves are the lower 
and smaller ones, repeated division is attended by a gradual 
reduction in size. This reduction in size, or rather in dia- 
meter, is not allowed to proceed too far, for a sexual process 
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usually intervenes which brings about a re-establislmient of 
size. It appears therefore that diatoms start their life fully 
grown and that the size of new cells is limited by the size 
of the parent cells from which they spring, for once the 
rigid silica framework is deposited and the design deter- 
mined, no growth that would require an increase in 
diameter is possible — the only growth that is pennlssibls 
is brought about by deepening the girdles of the valve, 
that is, on an axis at right angles to the valve surface. 

In outline, diatoms have exhausted every shape, exploiting 
three basic forms, often combining them to produce infinite 
variety. Let us consider some of these forms. Firstly there 
is the naviculoid or boat-shaped outline, where the ratio 
between length and breadth varies to produce everything 
from that which is needle-shaped to that which is broadly 
oval. Examples of this form are seen in Plates 23-27. This 
type of outline is predominant in freshwater diatoms. 
Secondly, there is the timly circular outline ; this is modified 
to produce broad ellipses as well as ovate and panduriform 
outlines. Thirdly, th^re is the polygonal outline. Forms 
possessing three, four and five angles are common, while 
others possessing up to 21 angles have been discovered. 
Forms in the last two categories are more common in 
marine waters, the polygonal ones being particularly 
numerous in the great fossil deposits of the Miocene. 
Examples of circular diatoms are seen in Plates 28-33, and 
of polygonal ones in Plates 34-38. 

These examples have been chosen not because their 
beauty is any more marked than that of others, but because 
they show clearly the types of structure employed by some 
of the most common species, representing both living and 
fossil floras. 

Recent research into the structure and physiology of 
diatoms has indicated that the siliceous fnistuic of the 
organism is not merely a rigid covering suiTounding the 
soft and vital protoplasm in order to protect it, but that 
the perforations through the valves of the fnistule permit 


interchange between the cell contents and the aqueous 
medium in which the organism lives. This peculiar perforate 
structure may account also for the movement of diatoms. 
Movement in living diatoms is restricted mainly to those 
forms which are boat-shaped. These forms possess a central 
mid-rib with lines of perforations arranged with reference 
to it. This movement, one of the most fascinating phenomeiia 
to observe under a microscope, has mystified microscopists 
for a very long time, for it takes place in complete absence 
of any visible organs of locomotion. The tiny boat-shaped 
cells move either in a graceful glide, or in slow iiesitanL' 
jcrics, proceeding half majestically or half comicaliy in their 
watery world, propelled as it were by unseen hands. It 
may be that the diatom forces water from the cell through 
the perforations in its siliceous skeleton, causing the or- 
ganism to move forward. If this is the expianatioa of the 
curious method of locomotion, it means that Nature has 
forestalled Man in the discovery of jet propulsion. 

Economic Use of Living Diatoms 

The role of micro-organisms in Nature varies consider- 
ably and is determined to a large degree by whether the 
organism is a plant or animal. The diatom, being a micro- 
scopic plant, forms part of the “producer population” and 
is concerned during its lifetime with building up complex 
foodstuffs from simple substances. This building up, or 
synthesis, is accompanied by a liberation of oxygen, and 
the process results in a twofold general enriclunent of ilie 
surrounding area. Soils in particular, whether of die 
kitchen garden or the corn-producing prairie-lands, depend 
very largely for their productivity upon their microbio- 
logical content, and surface soils rich in diatoms tend to 
favour the germination of young seedlings. 

The diatom population of surface waters may act in a, 
somewhat similar manner. The large diatom conuniinity 
supported by lakes and reservoirs liberates oxygen into the 
surrounding water, thereby aerating and purifying it. This 


is the normal activity of all green plants in water, such ai 
Duckweed, Canadian Pond Weed and such other plants 
which form a green film over the water, but as the seasonal 
maxima for diatoms occur in the very early spring and 
late rmtiimn, before and after the other forms of pond 
plant life, diatoms act beneficially by prolonging this 
purifying period, as well as by adding to its intensity. 

The role of the diatom in reservoirs of drinking water is 
somewhat complex and desen^es more detailed attention. 
The main problem of such undertakings as the Metro- 
politan Water Board is to pro\'ide water suitable for human 
consumption. The water must be of good physical quality 
and free from obnoxious substances wliicb would impart 
an objectionable taste or smell. More important still, the 
water must be free from pathogenic bacteria which might , 
be injurious to public health. In order to ensure the 
requisite standard of purity a complicated system of filtra- 
tion and chlorination has been introduced together v/ith 
biological control of reservoirs and cojistant chemical and , 
bacteriological examination. To the v/ater engineer, the 
presence of diatoms in the reservoir may be a blessing or 
a curse. Reservoirs which derive their, whaler from a cul- 
tivated area such as the Thames basin are rich in nitrates, 
phosphates and silica and are liable to great outbursts of 
diatoms during the spring. For example, a population 
density of more than twenty million ceils per litre v/ould not 
be unusual. When the organisms die, the cells disintegrate 
and liberate vast quantities of organic substances which 
greatly favour bacterial development, resulting in a rapid 
consumption of oxygen. One result of an oxygen deficiency 
is an increase in tlie growth of anaerobic bacteria and fungi 
which may give rise to unpleasant tastes or smells and 
render the water undrinkable. Another aspect of the same 
problem is that upon the death of the diatoms, the siliceous 
fmstules put an additional strain on the filters. A reservoir 
supplied by Thames water with a volume of nearly seven 
million gallons, might contain anything up to 110 tons of 



the diatom Fragilana crotonensis, measured as a dry weight. 
Such an immense diatom swarming would involve a daily 
removal from the water by filtration of an amount of 
diatom silica equal to one ton, dry weight. Such enormous 
quantities of plankton diatoms in the reservoir cause 
trouble by blocking filters, particularly of the “rapid” or 
“pressure” type. Slow sand filters, on the other hand, ow'e 
their efficacy almost entirely to their biological components, 
one of the chief being the diatom. These slow filters are 
usually exposed to light, and filtration is effected by tb.c 
water passing through a skin or film of diatoms and 
bacteria. The diatoms collect mainly on the surface of such 
a filter and render a great service by producing oxygen as 
a by-product of their photosynthesis. This assists in the 
oxidation of organic materials and prevents the lower 
layers of the filter becoming anaerobic, and fosters the 
growth and development of oxygen-requiring bacteria which 
in various ways improve the palatabilily of the water. 

The diatom population in the marine plankton is most 
important, as it plays a vital part in the economy of the 
seas, for not only does it oxygenate the water, but becomes 
the basic link, the grass as it were, in the food chain of all 
the other creatures which live in the sea. Whales, for 
example, travel southward from their breeding grounds as 
the ice breaks up, in search of the great plankton fields, 
the grazing grounds of the far south. Here, just as much 
as in the English countryside, the richness of the pasture 
decides the fatness of the herd. The plankton diatom also 
plays an important role in oceanographical research. 
Diatoms serve as indicators of the direction of flow of 
the oceanic currents in which they live, and in the South 
Atlantic particularly, the diatom has helped very con- 
siderably to plot the position of the convergence-zones of 
the various masses of water which go to make up the 
South Atlantic and Southern Oceans. 

One other economic aspect of living marine diatoms will 
be considered, that is, the part they play as fouling 


organisms upon the hulls of ships. When any surface is 
immersed in seawater^ under natural conditions, it quickly 
becomes fouled with marine organisms. The algal fouling 
of ships at the waterline by a green seaweed, usually a 
species of Enteromorpha, is a sight common enough to all 
wlio have visited docks where ships lie at anchor, but 
often, far down below the water-line the hull may be 
fouled by a strange assemblage of creatures. Amongst 
these may be found the barnacle and the tube worm, 
whose outer coatings form hard chalky concretions, 
together with delicate colonies of hydroids such as Tubu- 
laria and Obelia and soft bodied, jelly-like Tunicates. 
This fouling does very little actual damage to the metal 
structure of the ship, but increases surface friction, which 
retards the vessel as it moves through the water. In order 
to overcome increased friction due to fouling, more fuel 
must be used if the rate of speed is to be maintained. It 
is estimated that on a heavily fouled ship an increase of 
fuel consumption of up to 40 per cent may be required. 
This, in peacetime is a serious drain on fuel stocks, and in 
times of war even more so; further, loss of speed due to 
fouling may result in the loss of a valuable convoy or 
may adversely affect a naval action. To prevent marine 
fouling, ships and dock installations are usually painted 
with an anti-fouling composition. Anti-fouling paints con- 
tain, amongst other things, toxic substances, such as 
compounds of copper and mercury, but their exact 
mechanism is as yet imperfectly understood: probably 
the toxic salts leach from the painted surface, and act as 
protoplasmic poisons. Research has shown that not all 
marine organisms are equally sensitive to copper and 
mercury, and that certain species of diatoms are highly 
resistant. This means that a freshly painted surface may be 
leaching sufficiently highly to repel the more sensitive 
organisms, such as the settling stages of barnacles or 
hydroids, but will permit successful colonising by the 
resistant diatoms. These diatoms, finding theniselves in a 


position where they do not have to compete for living 
space, and in wiiich they are more or less free from attack 
by organisms seeking them as food, tend to multiply 
rapidly and form together with bacteria a slime film upon 
the submerged surface of t|ie ship. Observations have shown 
that an anti-fouling paint which favours the production of 
a heavy slime film tends to protect against the attachmem. 
of barnacles and other fouling organisms. In this manner 
it may be said that diatoms themselves act as anti-fouiirig 
agents., . , 

Fossil Diatoms 

Enormous beds' of fossil diatoms are found, in various 
parts of the world. They are the floors of the long-forgotten 
Tertiary seas which covered parts of North America and 
Central Europe some 60 million years ago. The majority 
of these Tertiary beds are associated with basalt lava flows, 
which in many instances lie both above and below the 
diatoiiiaceous strata. Until comparatively recently it was 
believed that the most ancient and most prolific period of 
diatom growth was during the transition from Mesozoic 
to Tertiary, and that a peak was experienced in the warmer 
Miocene seas. Recent work, however, by Dr. G. Dallas 
Hanna of the California Academy of Sciences, has proved 
the existence of a large diatom flora in the Moreno shale, 
a well defined Upper Cretaceous stratigraphic unit ex- 
tending along the west side of the San Joaquin Valley, in 
the Panoche Hills, California. Deposits of fossil diatoms 
are known by several names, the most common of which 
are diatomaceous earth, kieselguhr, molera and diatomite. 
Although diatomaceous earth occurs in most countries, it 
is worked commercially in but a few, as most deposits 
are small in extent or of impure quality, and could not be 
operated economically. The United States of America, is 
’the world’s largest producer of diatomaceous earth, and 
Algeria is probably the second largest. In California the 
deposits are almost continuous betw^een Los Angeles and 
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San Luis Obispo, reaching a maximum in the Lompoc 
area. The purest of these are marketed under the trade 
names of Filter-cell, Super-cel and Hyflo super-cel. Diatom- 
aceous earth is used either in blocks cut from the natural 
deposit without further treatment, or it may be crushed, 
calcined to remove organic impurities, and graded by .air- 
biov/n separators. When thus purified it is a white or 
creamish white substance resembling chalk. It occurs in 
nature in varying degrees of purity, and the foilo\viTig 
analysis of an air-dried Canadian sample gives a good 
idea of its percentage composition. 


Silica (SiO,) 

83.20 

Alumina (A LO,) 

3.80 

Iron Oxide (FeaO.,) 

3.00 

Lime (CaO) 

0.80 

Magnesia (MgO) 

2.23 

Potash (KjO) 

0.S9 

Soda(Na,0) 

0.33 

Water and organic matter 

5.26 

Economic Use of Diatomaceous Earth 

The chemical and physical properties of diatomaceous 


earth make the material admirable for many scientific 
and industrial purposes, the most important of which are 

(1) filtering medium 

(2) insulator against heat, cold, and sound 

(3) catalyst carrier 

(4) absorbent 

(5) filler 

(6) building material 

(7) abrasive 

(8) pharmaceutical preparations 

(9) stratigraphic indicators 

Filtration 

In many industrial and commercial undertakings, filtra- 
lionis an important process, and the filtering medium should 
be insoluble in the liquid to be filtered, chemically inert, 



and should be selected so as to ensure clarity of the filtrate 
together with a high rate of flow. The greater part of the 
diatomaceous earth used as a filter-aid is absorbed by the 
sugar industry, and in the clarification of beer, cider, 
wines and other fermented liquors. Large quantities are 
used also in the chemical industry for filtering dye-stuffs, 
varnishes, pharmaceutical preparations, oils and fats. In 
large-scale operations, it is the usual practice first to build 
up a “pre-coat” upon the cloths of the filter-press, and 
then to incorporate a small amount of the diatomaceous 
earth with the bulk of the liquid to be filtered, keeping the 
whole volume well agitated to prevent settling. This ensures 
that an efficient barrier of filtrant is built up in the filter- 
press, and that prior to the actual filtration, the diatoms 
in the bulk of the liquid have an opportunity to come into 
contact with and absorb the extremely fine non-rigid or 
colloidal particles which otherwise would pass through the 
filter. The shape and size of the diatom skeletons is of the 
utmost importance to the efficient use of diatomaceous 
earth as a filter-aid. Material which contains a predominance 
of small forms of uniform size and shape, would tend to 
pack tightly together and so prevent an even or sufficiently 
high rate of flow ; conversely, material with a predominance 
of large and regular forms would tend to lie too loosely, and 
would make for too rapid filtration and would fail to 
remove the finest impurities and so give rise to a cloudy 
filtrate. For efficient filtration, diatomaceous earth should 
contain particles in the correct size relation so that the 
interstices should vary down to that size particle which is 
the largest to be allowed to remain in the filtered liquid. 
In order to obtain these conditions, it is found that a 
diatomaceous earth should contain a mixture of the 
elongated or rod-shaped diatoms, and the circular or 
discoid ones, together with a certain proportion of frag- 
mentary matter to obtain the necessary size gradient of the 
interstices. 

Small-scale filtration problems, such as removing con- 
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taminants from engine lubricating oils, may be dealt with 
successfully by employing “by-pass” filtration. This system 
does not maintain completely clean oil in the engine, but 
restricts contamination to a steady figure, the value of 
which is dependent upon a combination of the proportion 
of the total oil which passes through the filter at each 
circulation and the efficiency of the filter. One of tlie most 
efficient filters of the “by-pass” type is the Metafiiter, 

The filter consists of a pressed steel cylinder through 
which passes a central slotted tube which serves as the oil 
outlet, and upon which is fitted the filter element. The 
element consists of a number (about 80) of specially con- 
structed units each of which consists of two embossed discs 
of filter paper joined together at the periphery and separated 
at the centre by two thin metal washers. The discs are 4 in. 
in diameter, and are furnished with a central perforation 
which allows them to be threaded upon the outlet tube. 
The contaminated oil introduced through a specially baffled 
nozzle at the top of the cylindrical casing, is forced to 
circulate through the system under pressure, thereby 
effecting partial filtration of the oil at each circulation. 
The efficiency of the filter depends upon the fact that the 
paper discs are heavily impregnated with diatomaceous 
earth, and the ingenious construction of the filtering element 
offers a total filtering area of approximately 14 sq. ft. 

This type of filter maintains a very high rate of flow, 
and the use of diatomaceous earth ensures a high degree 
of clarity in the filtrate. Plate 40 shows the skeletal remains, 
of diatoms recovered from one of the specially prepared 
components of the Metafilter. Examination of the forms 
present indicates that the diatom material used probably 
was obtained from the Miocene of California. 

Insulation 

Diatomaceous earth is used for insulation either in the 
form of natural bricks, sawn from the deposit in the mine, 
bonded bricks, or as a granular powder. Considerable 



quantities for insulating purposes are mined in Jutland, 
wiiere it is known as “niolera”. Here again, successful use 
of the material depends upon proper consideration being 
'paid to the size and shape of the diatoms contained therein. 
The lov/ thermal conductivity (approximately 0.000127 
gramnie-calorie-seconds at 200°G) of a diatomaceous earth, 
containing a preponderance of large unbroken forms, makes 
it one of the best insulators for temperatures below dull ted 
heat. Insulation at higher temperatures calls for material 
in which there will be increased porosity due to an increase 
of the fine perforations or air-spaces per unit volume of 
the material. This is probably due to the fact that at high 
temperatures there is a high rate of radiation and convection 
through air, which increases markedly with further rises in 
temperature. It follows, therefore, that insulation at high 
temperature is best obtained by using diatom material in 
which predominate very small uniformly shaped cells of 
the same size, through which pass the greatest number of 
perforations. 

Diatomaceous earth from parts of Central Europe and 
from New Zealand are admirably suited for this purpose.. 
It follows also that solid impurities such as silt or powdered 
quartz will act as conductors and will lower the insulating 
value of the material. Diatomaceous earth may be used not 
only for insulating against heat or cold, but also against 
sound. Bricks sawn from the natural deposit may be used 
to line telephone kiosks, libraries and audition rooms of 
broadcasting studios, where.it will perform the dual role 
of fire-proofing as well as insulating. The problem of using 
diatomaceous earth for insulation has been dealt with but 
briefly, but its general application in this held is very ex- 
tensive. The material may be used in powder form or in 
natural or bonded bricks or slabs for steam plant equip- 
ment, for lagging pipes and boilers, in smelting furnaces, 
in ceramic plant equipment, for lining kilns or enamelling 
furnaces, and in many other ways where it is desirable to 
provide insulation against loss of heat. Plate 41 illustrates 


diatoim found in “molera”, the Jutiand deposit, so exten- 
si’i^ely used in the form of refractory bricks, sawn from the 
iiaturai deposit. 

Catalyst Carrier 

Diatoniaceous earth is used as a catalyst carrier in the 
hydrogenation of oiis for the manufacture of soap. A 
soluble salt of nickel is mixed with a quantity of diatom- 
aceous earth, sodium carbonate is added, and the mixture 
boiled. The product of the reaction is passed through a 
filter-press where the plates retain the earth together with 
the nickel carbonate formed by the reaction. The filter cake 
is removed, dried and heated to 300“ C. in an atmosphere 
of hydrogen, where the nickel carbonate is reduced to the 
state of a finely divided black powder. This powder is then 
transferred to the vats of oil, and hydrogen is passed 
through under pressure. These conditions induce a hydrogen 
atom to be transferred to the oil, converting the oil into 
stearine. 

Absorbent and Filler 

The low apparent density and high porosity of diatom- 
aceous earth makes it an excellent medium for absorbing 
dangerous or corrosive liquids. It may be used, therefore, 
to pack strong mineral acids, bromine, etc. It is used 
extensively to carry disinfectants and deodorant sub- 
stances and has been used with some success as a carrier 
for fungicides and fertilising agents. Diatoniaceous earth 
was employed to absorb the nitroglycerin in the original 
form of dynamite. About 25 per cent of the inert material 
was required, but this amount reduced the eoc,piosive strength 
of the mixture and for this reason it was replaced by wood- 
pulp, and various carbohydrates. 

In the powdered form diatomaceous earth is used exten- 
sively as a filler or distributor in the manufacture of a large 
number of products. It is used in this connection in the 
manufacture of rubber articles, plaster, papier mache. 



blotting paper, linoleum, etc. Perhaps the greatest quantity 
is used as an extender in the manufacture of' paints. 
Diatomaceous earth has the property of imparting “flat- 
ness” to paint surfaces without modifying the tints, and 
large quantities are used in the manufacture of undercoats 
for enamels, and for the white paint used for traffic lines 
upon tarred roads. Diatomaceous earth makes the paint 
more porous, thereby facilitating drying, and its chemical 
nature offers greater resistance to exterior conditions. 

Building Materials and Abrasives 

It has been claimed that as long ago as the sixth century 
B.C. the Greeks and Romans used diatomaceous earth as a 
building material, in order to decrease the weight of certain 
structures, and that in 522 a.d. blocks made from it were 
used to build the dome of the Church of Hagia Sophia in 
Constantinople. In modern practice it is usual to mix a 
small proportion of the earth with cement in order to 
increase the strength of concrete. From 2 to 4 per cent is the 
proportion usually employed. It is claimed that the strength 
of the concrete may be increased by 40 per cent in this way. 
The compressive strength of the concrete reaches a 
maximum after abo ut three months ageing. 

Diatomaceous earth is used extensively as a mild abrasive. 
Incorporated in a variety of vehicles it forms an important 
part of many furniture creams, motor car polishes and 
household cleaners. Because of their different structure, 
diatoms from freshwater deposits are usually considered to 
be tougher and harder than those from Miocene marine 
deposits, and for this reason are preferred for the manu- 
facture of metal polishes. Specially selected air-flouted 
diatom material has been used with success in the nianu- 
facture of tooth pastes and powders, which owe their 
efficacy to the minute frustules of these marine plants. 

Pharmaceutical Products and Cosmetics 

Tlie practice of medicine calls constantly for research 
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into llie nss and application of a wide range of substances. 

In the treatment of many skin diseases a chejiiically inert 
base is required to act as a diluent for potent medicaments, 
and one of the most successful is prepared diatomaceous 
earth. Specially selected material of the highest quality is 
used to ca.rry such substances as icMhyol, resorcin, nier- 
ciiTiais, benzoates and salicylates for the relief of the strange 
and distressing skin affections so common in tropical 
countries. The modern craving for glamour, particuiaily 
the kind which comes out of a box, provides many uses 
for diatomaceous earth. In the inanufactiire of face powder, 
it is perhaps one of the most suitable substances. Its high 
absorpth'e properties make it an excellent carrier for the 
various pigments which impart the all-important “shade” 
to the product, and provide a most suitable vehicle for the 
perfume wdiicli is said to convey such “allure” and “mystic 
charm”. 

Stratigraphic Importance 

From a geological point of view, diatoms provide much 
interesting information. Diatoms fossilise easily and persist 
tliroughout geological time showing little or no signs of 
decay, and provide an indelible record of the past history 
of the earth’s crust. A close study of the type, structure, 
abundance, and position of the diatoms in the strata 
provides data to the field geologist concerning climatic 
conditions, the degree of alkalinity or acidity, salinity and 
pH of the water in which they lived millions of years ago. 

The close proximity of some of the largest deposits of 
diatomaceous earth to oil-bearing strata of the same or 
a closely related geological age, particularly in California, 
led to the belief that the diatom was in some way res- 
ponsible, ill part at least, for the occurrence of the oil, aisd it 
is now accepted by a /large number of experts that the 
asphaltic oils from Miocene strata most probably were 
derived from this source/ 



Medical Front 

Rh Factor 

One of the big advances in medicine in the last twenty 
years has been the growth in our knowledge of blood 
diseases. The symptoms of anaemia, lack of red blood, are 
now known to arise in one of three sorts of ways - through 
nutritional deficiency (e.g., lack of essential dietary iron) 
or failure of the bone marrow to make red cells, througli 
bleeding, tlirough excessive internal destruction of red ceils 
(haemolysis). Some diseases are characterised by destruc- 
tion of red blood : malaria is one such. If the destruction 
is very rapid, the red pigment (haemoglobin) set free in 
the body is not removed quickly enough and lingers for a 
time in the skin and eyes as a yellow colour — one of the 
origins of the symptom of jaundice. When blood of a 
wrong (incompatible) group is given in a blood transfusion, 
the unsuitable red cells are clotted together and broken by 
agglutinins in the patient’s circulation, and the liberated 
colour may cause a transient yellow. 

Jaundice in the newborn child has been recognised as a 
distinct, puzzling, disease since about 1902 when a Bir- 
mingham doctor reported “a family series of fatal and 
dangerous cases of jaundice of the newborn — fourteen cases 
in one family, with four survivors”. This report was followed 
by others from various physicians, for instance from another 
Birmingham man came “A series of fatal cases of jaundice 
in the newborn occurring in successive pregnancies”. As 
time passed and knowledge extended, it became clear that 
one of the causes of the death of the unborn child within 
the womb was this same condition with the symptom of 
jaundice. Sometimes it caused illness or even death after 
birth, sometimes if more severe it killed before birth. 
Further, it seemed to get worse and worse in a series of 
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pregnancies in one mother. Her second child, shall we say 
would have severe jaundice but live, her third be bon 
prematurely and perhaps die, her fourth be a real mis- 
carriage, and her fifth pregnancy collapse when barely hall 
completed. 

The causes of jaundice are many. However, after thirty 
years of study it became clear that this jaundice of the 
newborn is due to haemolysis; something destroys the 
infant’s red cells, and this poison is the cause of all the 
trouble. But what sort of a poison it could be, and where it 
was coming from, seemed for the time an insoluble question. 

As so often happens, the answer came from research 
along a slightly different track as the result of a chance 
obseiwation. In 1939 two American doctors gave the 
mother of a still-born child a blood transfusion of her 
husband’s blood, and noticed a severe reaction. Although 
husband and wife both belonged to Group 0, the husband’s 
blood upset the wife, and very careful test showed that her 
serum in fact agglutinated his red cells. This observation 
led them to suggest rather brilliantly that the mother bad 
become immunised against a new red cell antigen or blood 
group substance possessed by her dead child who inherited 
it from her husband. The following year, a world authority 
on blood groups, an Austrian doctor working in New 
York, tracked this new red cell antigen down. 

He had been studying the relationship between human 
and monkey blood groups — ^which, incidentally, is one way 
of finding out which monkeys are our closest cousins. 
He prepared antibodies (by injection into guinea pigs and 
rabbits) to the red cells of the Rhesus monkey. That is to 
say, something in the blood serum of the injected guinea 
pig would now agglutinate and haemolyse Rhesus red cells. 
These antibodies were now tested against the red ceils of 
hmnans — ^normal American white people, and it was found 
that 85 per cent of those tested were like the Rhesus 
monkey: their red cells also agglutinated, and therefore 
contained a similar blood group factor to the monkey. 



Ths-y were therefore called Rli-positive. Lilce other blood 
groups, it is inliedtable. 

The e.'c.pianation of jaundice of the newborn is new 
clear. The father is Rh positive, the mother Rh negative. 
The child inherits the Rh factor from its father, and starts 
to give its mother Rh antigen. She forms antibodies to this 
“foreign"’ blood group substance, which go back io the 
child and destroy its red cells. Research in the last four 
years has confirmed, but complicated the picture. There is 
not CAie Rh, but several* the process is control led by at 
least three inheritable genes. 

For practical purposes, however, the expIanatioB, is 
adequate to forewarn the ante-natal clinic. The coming 
of the illness can be predicted and watched for. If necessary, 
the birth of the child can be brought on a month early, to 
lessen the danger from the mother’s antibodies. But the 
research is not over, for we cannot yet prevent the disease. 
The mortality is perhaps 30 per cent instead of 50 per cent 
as formerly, an improvement certainly, but in time Science 
will do better. 

Skin 'Disease and Psychology 

Dr. G. G. Robertson has published several papers on tiie 
relation between ill health and mental outlook. The latest 
of these contributions to what is sometimes grandiloquently 
termed “psychosomatic medicine” appeared in the Lancet^ 
July, 1947, and deals with dermatitis. He reminds us first 
of the case of Job, reported in the Bible. Job w-as a very 
rich man who regarded his wealth as the just reward for 
leading an upright and honest life. When his flocks and 
herds were stolen, his crops burnt, and his seven .sons and 
three daughters killed by a whirlwind, he could not undci- 
staiid why apparently God had forsaken him. All his life 
he had walked in the ways of the Lord, and wealth had 
been his just reward; but now, inexplicably, it was gone. 
It was beyond his comprehension and his body began to 
itch and ooze intolerabi)''. 


Dr. Robertson quotes a number of similar cases fron 
liis own practice, where apparent injustice coincided ’vvstj- 
the onset of an intractable skin disease. A giri who hac 
worked for five years in a tobacco factory got a dermatitis 
of her hands, which, would not clear up. Enquiry demon- 
strated that the illness began when her forewoman had 
taken, an unreasonable dislike to her and begun to make her 
life a misery. She was transferred to another departnieat 
of the same factory, handling tobacco as before, and the 
skin then got better in a few days. A man was takeit from 
his own. work and seat to a shipyard by the Ministry of 
Labour, and it seemed to him that the only reason for this 
change was the pleasure minor civil servants got out of 
wielding their authority and pushing workers aboui. Within 
two months he got a cut on his leg which would not heal, 
and a dermatitis above it, w'hich would not respond to trerd- 
meat, until he returned to his old job, when it all got better. 

It is important not to make the mistake in cases of tliis 
type of supposing that the illnesses were somehow^ deliber- 
ately brought on by the patients, who did not wish to get 
better. Quite the reverse was the truth, but the skin illness 
appeared to arise under the stress of deep grievance, and 
to get worse as the emotional difficulties were enquired 
into and brought out. When the grievance was remedied, 
or the patient realised the connection between his grievance 
and his illness,’ he got better. 

vVe know little, scientifically speaking, about the relations 
between emotion and illness, and what we know is really 
old knowledge, like the case of Job. But it has got forgotten 
under the spate of new drugs and new physiology, and 
only now is being rediscovered and re-developed, as our 
full ignorance is realised. 

How Penicillin. Works 

Every day, in hospitals and clinics all over the wo.dd, 
millions of units of penicillin are used to treat disease ; yet 
nobody knows how the drug acts. It is a fact that it kills 


They were therefore called Rh-positive. Like other blood 
groups, it is inheritable. 

The explanation of jaundice of the newborn is now- 
clear. The father is Rh positive, tlie mother Rii negative. 
The child inherits the Rh factor from its father, and starLs 
to give its mother Rh antigen. She fonns antibodies to this 
“foreign” blood group substance, which go back to tfie 
child and destroy its red cells. Research in 'the last four 
years has conhnned, but complicated the picture. There is 
not one Rli, but several; the process is controlled by a.t 
least three inheritable genes. 

For practical purposes, however, the explanation is 
adequate to forewarn the ante-natal clinic. The coming 
of the illness can be predicted and watched for. If necessary, 
the birth of the child can be brought on a month early, to 
lessen the danger from the mother’s antibodies. But the 
research is not over, for we cannot yet prevent the disease. 
The mortality is perhaps 30 per cent instead of 50 per cent 
as formerly, an improvement certainly, but in time Science 
will do better. 

Skm ■’Disease and Psychology 

Dr. G. G. Robertson has published several papers on the 
relation between ill health and mental outlook. The latest 
of these contributions to what is sometimes grandiloquently 
termed “psychosomatic medicine” appeared in the Lancet, 
July, 1947, and deals with dermatitis. He reminds us first 
of the case of Job, reported in the Bible, Job was a very 
rich man who regarded his wealth as the just reward for 
leading an upright and honest life. When his flocks and 
herds were stolen, his crops burnt, and his seven sons and 
three daughters killed by a whirlwind, he could not under- 
stand why apparently God had forsaken him. Ail his life 
he had walked in the ways of the Lord, and wealth had 
been his just reward; but now, inexplicably, it was gone. 
It was beyond his comprehension and his body began to 
itch and ooze intolerably. 


Dr. Robertson quotes a number of similar cases from 
his ov/n practice, where apparent injustice coincided v/ith 
tlie onset of aa intractable skin di.sease. A girl who had 
v,'orl:cd for hve years in a tobacco factory got a dennatitis 
of her hands, wmich would not clear up. Enquiry demon- 
strated that the illness began when her forewoman had 
taken an unreasonable dislike to her and begun to make her 
life a misery. She was transferred to another department 
of the same factory, handling- tobacco as before, and the 
skin then got better in a few days. A man was taken from 
hi.s own work and sent to a shipyard by the Ministry of 
Labour, and it seemed to him that the only reason for this 
change was the pleasure minor civil servants got out of 
wielding their authority and pushing workers about. Within ' 
two months lie got a cut on his leg which would not lieal, 
and a dermatitis above it, which would not respond to treat- 
ment, until he returned to his old job, when it all got better. 

It is important not to make the mistake in cases of this 
type of supposing that the illnesses were somehow deliber- 
ately brought on by the patients, who did not wish to get 
better. Quite the reverse was the truth, but the skin illness 
appeared to arise under the stress of deep grievance, and 
to get worse as the emotional difficulties were enquired 
into and brought out. When the grievance was remedied, 
or the patient realised the connection between his grievance 
and his illness,; he got better. 

We know little, scientifically speaking, about the relati ons 
between emotion and illness, and what we know is really 
old knowledge, like the case of Job. But it has got forgotten 
under the spate of new drugs and new physiology, and 
only now is being rediscovered and re-developed, as our 
full ignorance is realised. 

How Penicillin Works 

E'.'ery day, in hospitals and clinics all over the world, 
millions of units of penicillin are used to Ireat disease: yet 
nobody knows how the drug acts. It is a fact that it kills 
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certain sorts of disease bacteria (Gram-positive organisms 
such as streptococci and staphylococci), but the precise 
way it initiates the irreparable disorganization we call 
death is still unknown. 

This is not. for want of laboratory study, which has 
clarified the problem a little, recently. One can watch under 
a microscope what happens to a bacterial cell after treat- 
ment with a drug. One can measure its respiration, or 
power to ferment or digest foodstuffs, or its growth rate, 
or reproduction by division into two cells, before and after 
treatment with penicillin. All this has been done, and two 
facts, but only two, emerged. The first was that penicillin 
does not harm resting cells. As long as the living bacteria 
are just “ticking-over”, respiring, growing a little perhaps, 
but not dividing, they can go on living. Penicillin somehow 
steps in when they divide. And that is the second fact : as 
soon as they have divided in the presence of penicillin, 
they are doomed. Wash all the drug away and give them 
a rich nutrient medium — it makes no difference ; somehow 
the damage is done and they must all die. But the direct 
experimental approach has been of no further help. These 
doomed cells, although in some way changed by the 
penicillin, continue to respire, digest, grow normally for a 
time, and then slowly decay and dissolve. The immediate 
change .wrought by the antibiotic has not been detected. 

That at least was the picture until recently, when Dr, E. F. 
Gale and his co-workers at Cambridge while pursuing 
another line of work made an interesting relevant discovery. 
They have been studying for some years the chemical 
changes bacteria can produce in amino-acids, the com- 
ponent parts of the proteins of protoplasm. First they 
studied the different ways the bacterial cells broke dou'n, 
or digested these amino-acids, and then they used their 
new knowledge to begin the more fascinating problem of 
how the amino-acids are joined together by the cells to 
make proteins ; or in other words, how living things make 
their own protoplasm. 


They chose to study one single amino acid at once, so 
as not to complicate the results, and they chose glutamic 
acid because it was easy, for them to measure it. One of 
their first discoveries was that some bacteria accumulate a 
great reservoir of free glutamic acid inside their cells, and 
then slowly draw on this store for building protoplasm 
and other uses. Even though there is only a very dilute 
solution of glutamic acid in the medium outside the cells, 
they are able to snap it up and get a very strong solution 
inside. Out of interest they did experiments on a great 
range of different sorts of bacteria, and found that it was 
only the Gram-positive organisms which show this glutamic 
acid concentration and store. It is also the Gram-positive 
organisms \vhich are killed by penicillin. Was there a 
connection between the two facts? 

There was. Bacteria treated with penicillin can no longer 
snap up glutamic acid and make a store. Once they have 
divided, no more amino-acid comes in, and they must live 
on this reservoir alone. Gradually that level drops, until 
finally there is insufficient to support further life, and the 
cell dies, from the effects of glutamic-starvation so to 
speak. 

So this has pushed a little nearer that mysterious first 
effect of penicillin which is the fundamental one, and still 
undiscovered. How the ceil manages to accumulate its 
glutamic pool has been the new point of laboratory study, 
and although a great deal of the mechanism is now known, 
none of it is affected by penicillin. The subtle piece of the 
living ceil that is changed by the drug has not been tracked 
down after all. Perhaps the effect on glutamic acid accumu- 
lation is not so near the heart of the matter as was hoped, 
but it still seems a good lead. At the same time, we have 
to remember that at the time of v>uiting (September, 1947), 
a great many more changes and events occur from moment 
to moment inside a living ceil than we know how to observe 
or measure. Glutamic acid metabolism is only one facet of 
life. Penicillin may really be striking elsewhere. 



Giutamic acid is much in the scientific news, in buctcri- 
ology, one iiiieresting discovery is... that the capsule around 
the Anihrax bacillus, which probably protects, tb.e germ 
from the body’s defence's, and so makes it a discasc- 
prodiicer, is chemically a polypeptide composed enlirc'iy 
of giutamic acid molecules, linked together or polymerised 
into very long molecular chains. A chemical substance of 
this particLiiar nature has never been known before. In 
experimental psychology, it is claimed that rats given liberal 
amounts of giutamic acid in their food become much more 
inielligeni than the average rim of rats in learning and 
solving the way out of mazes. It is suggested that they do 
not get enough of this normal food comporieiit, presen.t in 
all me-at and protein foods, in the stock diets, and con- 
seqiientiy cannot thinlc so well. Certainly glutainic acid 
has some important but unknown role to play in the 
chemistry of the brain. According to a recent result the 
brain can manage with less sugar (glucose) if given glutamic 
acid as well — and if this is true it is the only substitute 
known. 

These results with rats, and other researches, have 
encouraged doctors to tiy to improve the intelligence of 
Children in the same v/ay, and to try to control epilepsy 
(petit mal) with doses of the amino-acid. Preliminary 
results are encouraging, but sceptics will point to the long 
list of past epilepsy cures, boosted for a time and then 
discarded. There are years of work still ahead. Y/c inust 
know a good deal more about glutamic acid and v/liy it 
is so important. We have only got to . the threslioM of 
knovviedge so fiir. 


Glaciers 


BY DR. M. F. PERUT.Z 

About one tenth of all the land surface of the giobev 
coirrpi'isiiig almost six million sqnare mites, is permar.c-ntly 
covered v/hii ice. If ail the ice isi the polar regions melted 
and fioweci into the oceans, tiis sea v.’oiud rise by about 
150 feel and submerge a large proportion of the fertile 
land Oil this earth. Without the steady liov/ of meltwater' ' 
from the .Alpine glaciers vrhich act as tremendous -'sservoirs, 
the levels of some European, rivers might be subject tO' 
violcrsl fiactuations, with the result, for instance, that many 
hydro-electric power stations irfight have to be idle for a 
large part of the summer, unless huge artificial reservoirs 
vveic constructed. 

Interest in glaciers in tire past, however, has owed little 
to iitilitariari motives, and most of the men who explored, 
them have bee-a enthusiastic aniatciins, attracted by love 
of adventure and the beauty of the mountains. The begin- 
ning of interest iu glaciers coincided with the growing 
consciousness of Nature during the iSth century, and Vv?as 
ut first confined to naturalists who lived in th.e Alps, at a 
time when travellers from the lowlands still regarded the 
moi.’,nlains as a horrible and fearful wilderoess. One of the 
first to bring glaciers to the attention of the educiited 
world was Korace-Benedict de Saussure, Professor of Philc- 
soplw at Geneva, in his charmingly written Journeys i,-t 
the Alps which appeared in 1779.^^^ During the 19i;i 
century, ob.servation of the glaciers developed hand isi 
hand with the exploration of the Alps by rnounlai 2 iccrs 
and scientists, but experimental work involvies accurate 
measurements did not get into its stride uiilil the IBSO's, 
when the first text-book of glaciology also made its appear- 
.::T05 



tell of people who vanished in them, never to be seen again. 
Actually the depth of crevasses in the Alps does not seem 
to exceed 100 feet and is usually very much less, while the 
total deptli of Alpine glaciers may be of the order 1,000 feet 
or more (2,700 feet has been recorded in one locaiiiy). 
The lack of sounds from objects dropping into crevasses 
is often merely due to a deep layer of soft fluffy snow 
covering the bottom (Plate 6). 

The frequency of crevasses is closely related to the speed 
of ghiciers which in turn is a function of, their size and 
slope. Thus the Upernivik Glacier, one of the gigantic 
ice-streams emerging from the Greenland ice-cap, advances 
at times by 125 feet per day, which is as much as a smaller 
Alpine Glacier covers in a whole year. Owing to their great 
speed, the surfaces of some of the large glaciers in Green- 
land and in the Himalayas are riddled with crevasses and 
broken up into seracs (ice-towers) to a degree that makes 
human progress over them exceedingly slow and tedious. 
This relationship between the frequency of crevasses and 
the speed of glaciers can readily be understood, since it was 
found that any increase in absolute speed also increases 
the differences between the relative speeds of diSerent parts 
and hence magnifies the stresses on the glacier surface. 

In part, the great velocities of the Greenland glaciers are 
probably due to their ending in the sea, where they can 
flow free from external friction. On the other hand, if 
glaciers approach the sea at a steep slope and with higli 
velocity, their buoyancy gives rise to stresses large enough 
to cause the sudden fracture of enormous ice-walls wdiicli 
collapse and split up into fragments amid thunderous noise 
and great eruptions of spray. These fragments then drift 
into the ocean as ice-bergs. All ice-bergs, iii fact, originate 
from glaciers, and most of those in the North Atlantic 
come from Greenland, but fortunately only a small pro- 
portion of the 130 cubic miles or so of icc-bsrgs which 
that sub-continent annually produces ever reaches the 
shipping lanes. 


GLACIERS 


109 


Advance and Recession 

Glaciers are rarely in equilibrimn — the annual accumu- 
iation of snow hardly ever exactly balances the loss of icc 
through evaporation and melting. Usually either the one 
or the other factor predominates, and as a result the 
glacier-end either advances into the valley or recedes from 
ground formerly occupied. Large advances and recessions 
of the order of miles usually take years or even decades 
and are the results of long-term climatic changes, but smaij 
fluctuations of the order of 100 feet may occur in any year 
for no apparent reason. Sometimes one glacier advance? 
and another in a neighbouring valley recedes during the 
same period, and in single seasons such variations can often 
be attributed to slight differences in the local distribution 
of snowfalls, At present, however, the great majority of 
glaciers all over the world are going tlirough a period of 
rapid recession and many smaller ones are dwindlmg away, 
a phenomenon which will be discussed in greater detail in 
the section on glaciers and climate. 

At this stage we are more concerned with the actual 
mechanism of advance and recession than with the climatic 
changes which cause them. A surplus of snow accumulation 
and a consequent increase in the thickness of the glacier 
may result in a gradual increase in the velocity of flow, 
follov/ed by an advance of the glacier-end. Sometimes, 
however, events take a far more spectacular course. It 
appears that some glaciers do not at first react to a gradual 
increase in thickness, which may continue for a number 
of years without being accompanied by a corresponding 
increase in velocity. Then, suddenly, the pent-up masses of 
ice break out and fonn something like a tidal wave which 
propagates itself along the glacier, causing an enormous 
increase in the velocity of flow. In the case of one glacier 
in the Tyrol, for instance, Hess calculated that the total 
thickness of the glacier at the crest of the tidal wave had not 
risen by more than a quarter, yet the motion of the glacier 
had been speeded up by a factor of 16. On such occasions 



I 


glaciers may advance very fast and even bury under them 
pastures, trees and houses, rather like stremiis of lava. 

The reasons for this catastrophic turn of events cannot be 
understood without going more deeply into the mechanism 
of glacier flow. 

THE MECHANISM OF GLACIER FLOW 
Conflicting Theories 

We have seen how de Saussure’s picture of the glacier 
sliding down as a rigid cake became untenable as a result 
of the discovery of streaming motion, made by Agassiz 
and Forbes in the 1840’s. The apparent contrast between 
the rigid and the fluid properties of ice, which scientists 
at the time found so disturbing, suddenly seemed to find 
a ready explanation through Faraday’s discovery of 
regelation. This may be described as follows. 

If a kilogram of ice is compressed at 0° C. and no heat 
is allowed to enter or leave the system, there results a melting 
of 0.064 grammes of ice and a dropping of the temperature 
by 0.0075° C, for every atmosphere of pressure that is 
applied. This is a fundamental fact which can be predicted 
from the laws of thermodynamics. Its discovery led Faraday 
to the following interesting experiment: if two blocks of 
ice at 0° C. are pressed together under water of the same 
temperature, some of the ice at the points of contact will 
melt as a result of the pressure, and at the same time 
the temperature at these points will drop slightly below 
0° C. On release of the pressure, therefore, the surfaces 
of the ice blocks will be sufficiently cold to cause the film 
of water between them to freeze, thus sealing the two blocks 
together. By this means, a block of ice w-hich has been 
broken apart can be sealed together again ; hence the name 
regelation. To Tyndall, Helmholtz, and others this experi- 
ment seemed to provide the clue to the plasticty of ice in 
■■glaciers.^":.::' • . ■ ■ 

Roughly, their theories all assumed a melting of ice under | 

local pressure leading to the formation of a crack; this ^ 
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%vas to be followed by shear along the crack and healing 
of the crack through regelation. The various schemes 
diliered. in points of detail, but none of them proved entirely 
satisfactory. We can realise to-day that it would have been 
impossible in the middle of the last century to furnish a 
better explanation for the plasticity of ice, considering how 
little was then known about the nature and physical 
properties of crystals in general. At the time, however, 
people were sometimes less conscious of the weaknesses 
of their own theories than of those of their colleagues, 
and as a result they engaged in a series of violent disputes. 
Thus Tyndall, in his book Glaciers of the Alps concludes 
a critical examination of the theory of James Thomson, 
brother of Lord Kelvin, with the none-too-flattering 
comment ; 

“In short, this theory, as it presents itself to my mind, 
is so powerless to account for the simplest facts of glacier 
motion, that I feel disposed to continue to doubt my own 
competence to understand it, rather than ascribe to Mr. 
Thomson an hypothesis apparently so irrelevant to the 
facts which it professes to explain.”^^^ 

Gliding and the Atomic Structure of Ice 
In 1888 McConnel and Kidd made a discovery which 
seemed, at least temporarily, to resolve the deadlock over 
the theory of glacier flov/. They found that lake ice yielded 
plastically to shearing stresses, even at temperatures far 
below the melting point, provided that a component of 
the stress was parallel to the plane of the original water 
surface. Though the important bearing of this experiment 
on the mechanism of glacier motion was appreciated at 
the time, its full significance did not become clear until 40 
years later, when W. H, Bragg and W. H. Barnes discovered 
the arrangement of water molecules in an ice crystal with 
the help of X-ray analysis. 

The simplest form of ice crystal is a prism with a 
hexagonal base, as shown in Fig. 6a. In order to see the 
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j j arrangement of the water molecules this picture has to 
be enlarged approTcimately 1,000 million times. This has 
been done in Fig. 7, where the water molecules in the 

1 crystal are seen to be arranged in a regular pattern, and 
to be grouped together in layers which are parallel to the 
hexagonal base of the crystal. If a shearing stress is applied 
■I to such a crystal parallel to its base, the layers of molecules 

' begin to slip over each other and, as a result, the entire 

r{ ■ crystal is deformed in the manner shown in Fig. 6b. This 
shera'ing of crystals parallel to dehiiite planes is known as 
and the crystal planes involved are Icnov/n as glide 
planes. Gliding is liable to occur in any crystals where the 
atoms or molecules are grouped together in layers. Since 
this is very frequently the case, particularly in rnctals, 
gliding is a property of great technical importance. 

McCoancl and Kidd’s results on gliding in ice crystals 
were eagerly seized upon by several glaciologists and used 
as a foundation for improved theories of flow. Even sc, 
the amount of knowledge available at the time as to the 


F'g. 7. — Crystal structure of ice. The lower part of lire figure shov.’s 
tiic cutlines of a small ice crystal — in fact the smallest th-at could 
exist — ^^and the upper part shows the arrangement of the water mole- 
cules within it. The molecules are represented as circles and tltc bonds 
between them as straight lines. To give the picture perspective the 
rttokcules facing the observer have been drawn in bold lines. The 
divisions of the scale are in Angstrom units, i.c., in lOO-ntiilionlhs of 
a centimetre. 

plasticity of crystalline solids was insufficieiil for the fornTd- 
iation of a consistent theory. The inevitable contradictions 
and. loopholes which these older theories entailed were 
partly responsible for the division of glaciolocfcal opinior 
into two rival schools of thought whose opno.-:ed and u;> 
parently irreconcilable views have dominated tire gtaciolcgi- 
calliteratare until very recently. One school maintai n eci that 
glacier ice is essentially plastic and that the difrcrcndal 
inovenicnt observed in glaciers is effected through, glide in 
individual crystals, accompanied by the growth r.'f cry t ;l;, 



through the exchange of moieculss across their bounchfries. 
The other school fixed its attention— soiuexvhat too ex- 
clusively — on certain systems of stratification bands which 
are commonly observed in glaciers and which they regarded 
as evidence for the existence of large-scale thrust planes. 
According to this school difierential movement in the 
glacier proceeded through the spasmodic motion of rigid 
masses of ice over extensive thrust planes which take the 
form of cracks in the ice, and later, through regclation, 
develop into stratification bands. 

The conflict between these two theories was finally 
resolved by the more pov/erful methods of observation and 
retined experimental techniques brought into the field by 
Seligman’s Jungfraujoch Research Party in 1938. 

RESULTS OF MODERN RESEARCH 

The Jungfraujoch Research Party, of which I was fortu- 
nate to be a member, started its work with the immense 
advantage over all previous investigators of having its base 
at the International Research Station on the Jungfraujoch; 
being situated at the source of the Great Aletsch Glacier, 
this station offered ideal facilities for work on glaciological 
problems. Initially our programme was more concerned 
with the transition of snow into glacier ice than with the 
actual mechanism of flow. 

Transition of Snow into Ice 

'The delicate lacework patterns of newly fallen snow 
crystals have always been the delight of nature observers 
and amateur microscopists, and have even served as a 
basis for mystical hypotheses on the geometry of the 
universe and the fundamental pattern of life. Plate 7 
shows three particularly beautiful specimens among some 
thousands of snow flakes photographed in the course of a 
life-long study by W. A. Bentley of Jericho (Vermont), 

A few days or weeks after it has fallen, snow presents an 
entirely different aspect. The fine needles, sharp corners 
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and plaae faces, indeed all signs of regular and symmetrical 
growth, have disappeared and given v/ay to rounded 
granules of considerably larger size, forming a loose con- 
glomerate. A thin section of such aged snow is shown on 
Plate 8. For the first few years of their life in the fim 
region, these crystalline gramiles change little in size, but 
when the crystals fiinaliy emerge on the Surface of the glacier 
tongue after having been buried for several decades or even 
centuries, they have grown to about a thousand times their 
original volume, have lost most of the air that was enclosed 
between them and have become firmly interlocked. 

(Plate 9).^5> 

This metamorphosis of snow into glacier ice presented 
an interesting physical problem as such and was soon 
found to be closely related to the more general problem 
of glacier flow. In order to study this relationship more 
closely, we lowered ourselves into some of the deepest 
crevasses on the Jungfraufirn, cut samples of ice from their 
walls at different levels and examined these under the 
petrological microscope. The microscopic work was carried 
out in a laboratory which had been hewn out of the station- 
ary ice on the Jungfraujoch and which kept a reasonable 
constant temperature of — 4° C. 

As a result of our research, and of subsequent experi- 
ments carried out by British, Swiss, and American workers, 
it has now become clear that the flow of glaciers and the 
gro’wth of the crystals are analogous to similar phenomena 
in metals, with which scientists have long been familiar. j 

Creep 1 

Differential flow in a glacier is due to the slow deforma- 
tion of ice under the influence of sustained stresses. Such 
‘ deformation is known in metallurgy as creep. Its physical 
mechanism is complex and can only be explained here in 
very general terms. Fundamentally, it is due to local 
re-arrangcments of atoms in the crystals, leading either to 
the deformation of individual crystals by gliding or to the 
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transfer of atoms across tlieir boundaries. Tlie rearrange- 
rnents ol“ the atoms are activated by tlieir tlierru:';! esierg)-, 
i.s., the eT'iternal force produces a deformation by giving ci. 
preferential direction ' to tlie otherwise raadom tiiermal 
movement of the atoms, A rise in' temperature aoccleralcs 
the creep rate by increasing the number of local rearrange- 
mieiits taking place at' any given instant. 

The creep properties of ice itself are still largely un- 
explored, but those of many metals are to a certain extent 
known, and can be applied to ice in a qualitative way. It will 
be useful first to describe some of the fundamental laws of 
creep and then to consider how they help us to understand 
the flow of ice in glaciers. 

(1) If the temperature of an ice block is kept constant 
and the external force is varied, the creep rate will not vary 
as a linear but as an exponential function of the applied 
force. This nieans, for instance, that if an increase in the 
shear stress from 50 to 60 Ib./sq. in. doubles the creep 
rate, an increase from 100 to 120 ib./sq. in. may quadruple 
it, an increase from 150 to 180 Ib./sq. in. may multiply, 
it eightfold, etc. In other words, the plasticity of ice 
increases rapidly with the applied stress. 

(2) Below a certain stress, creep will not take place at all, 
and the deformation produced by an external force will be 
purely elastic. This minimum stress is known as the yield 
stress.- 

(3) At a given stress the creep rate of ice depends on tlie 
teniperatiire. The closer the temperature approaches t.Uc 
melting point, the greater the creep rate. It was foiuiu 
in laboratory experiments, for instance, that at a certain 
stress the creep rate of ice at — I ° C. is 1 ,000 times greater 
than, at — 20 '"' C. This means that ice becomes increasingly 
rigid at lo'wer temperatures. 

Besides temperature and applied force, there are several 
other factors which influence the creep rate of ice, but 
none of these need be elaborated here, and we can now 
proceed to consider how the laws of creep which just 


b^eii OLfiiined could serve to explain the plasticity of ice 
in gkicicrs. First of ail they show that no special Biechaaisrn 
— such as regelation— need be invoked to explain tlic 
existence of streaming motion in llaciers, since ice is only 
one among many other apparently brittle crystalliae 
ir -.iteriuls which can be deformed plasiicsily by creep under 
sin table conditions. In addition, many of the more puzzling 
characteristics of glaciers can be understood in the Light of 
the general rules set out above. Consider, for iiistance, the 
relation between creep rate and applied force, it lias been 
jnentioned that the large Greenland glaciers scniretimes flow 
more than a hundred times faster than the smaller Alpine 
ones, aUhoiigh the difference in thickness may not anioimt 
to mere than a factor of three or four. Such extraordinarily 
rapid flow is to be expected in view of the exponentiai 
relatioii between creep and applied force. It v/ill be re- 
membered also that in one instance an increase in the 
thickness of a glacier by only a quarter accelerated its 
flow by a factor of 16, thus giving rise to a rapid advance 
of the glacier-end. Obviously this is only another mani- 
festation of the same mechanism. Seasonal variations in 
the flow velocity of the lira region where glaciers have 
recently been found to move twice as fast in winter as in 
summer are probably due to the same cause, the increased 
winter velocity being the reaction of the glacier to the 
v/ciglit of the newly deposited snow cover. 

The existence of a yield stress below which creep does 
not occur explains the presence of crevasses as well as their 
limited depth. In theory, cracks in the ice miglit be pro- 
duced at any depth, but no cracks in the interior of the 
glacier would be able to persist, since they would soon be 
closed by creep undep the pressure of the overlying ice 
masses. As we approach the surface, howe\'er, a critical 
depth w'ill be reached where this pressure becomes srnull&r 
than the yield stress of ice; above this critical depth cracks 
ill the ice could persist indefinitely, while below it they 
would be closed through creep. In actua.1 fact the limiling 


depth of crevasses is not as sharply defined as this statement 
would suggest, since the rate of opening of a crevasse may 
often be faster than the rate at which creep tends to close 
it in its lower reaches, s6 that for a time, at least, the real 
depth may be considerably in excess of the critical depth 
as determined by the yield stress. 

The last of the three laws mentioned above related to the 
influence which temperature exercised on the creep rate. 
This is comparatively unimportant so far as Alpine glaciers 
are concerned, because practically their entire mass is 
always at the melting point of ice. In polar glaciers, on the 
other hand, temperatures vary at dilferent depths, and the 
increasing rigidity of ice at temperatures below the melting 
point profoundly affects their behaviour. This point will 
be discussed in greater detail in the section on ice caps. 

Annealing and Crystal Growth 

In metals the heating or annealing, as it is called, of a 
cold-worked specimen is accompanied by an increase in 
the average crystal size, due to the growth of some crystals 
at the expense of others. Conditions prevailingin a streaming 
glacier are analogous to those in a metal undergoing defor- 
mation above its annealing temperature. This may account 
for the very large increase in the average crystal volume 
which accompanies glacier flow. Plate 10 illustrate this 
analogy by showing a strip of aluminium in which extension 
and subsequent annealing produced a striking increase in 
crystal size, and sections through a block of ice in which a 
more moderate but still very marked crystal growth resulted 
from plastic deformation by shearing. 

What determines the growth of one crystal at the expense 
of another? In order to understand this process, we have 
to consider the thermal motion of the water molecules at 
the boundary between two ice crystals. At temperatures 
near the melting point there will be a continuous and rapid 
exchange of molecules between the two crystals ; if both 
crystals are at the same temperature and free from strain. 


the number of molecules migrating from crystal A to crystal 
B will be the same, over a period of time, as the number 
migrating from B to A, so that the volume of each cr3'StaI 
^Yiil remain unchanged. This state of equilibrium can be 
upset by making the energy content of the two crystals 
unequal. For instance, if the temperature of crystal A is 
raised relative to that of more molecules will migrate 
from A to B than in the opposite direction, with the result 
that B will grow at A’s expense. Another way of raising 
the energy content of a crystal is to strain it elastically. 
Therefore, the eifect of straining A more than B will be 
exactly the same as that of making A warmer than B, i.c., 
it will lead to the growth of B at the expense of A. 

In a glacier, therefore, an increase in the average crystal 
size is likely to arise as a result of variations in the energy 
content of neighbouring crystals. This could be brought 
about in different ways, of which the simplest is probably 
this : Suppose two crystals A and B are in contact and are 
both subjected to the same shear stress, but the orientation 
of crystal B is such that its glide planes are parallel to the 
direction of stress, while those of A are normal to the 
direction of stress (see Fig. 6b and c). In that case B will 
be free to yield to the stress by gliding while A will undergo 
elastic strain. Thus A will have a greater energy content 
than B; this will lead to the growth of B at A’s expense 
and eventually to the complete disappearance of A. 

The example just given can be generalised in the state- 
ment that different orientation of crystals relative to the 
external stress leads to the growth of some crystals at the 
expense of others. This is due to the anisotropic character 
of the crj^stals themselves, i.e., the dependence of their 
mechanical properties on the direction in which an external 
stress is applied. 

Present Views on Glacier Motion 

We have seen in the foregoing pages how each advance 
in our knowledge of the fundamental properties of solid 



matter has led in turn to a dearer understanding of the 
nature of gkcier fiow. To-day the “fluidity” of ice vv'hich 
used to mystify the early obsei'vcrs is seen as a natural 
L'on sequence of the creep of ice under the infiuence of siis- 
taiaed stresses, and creep itself is known to be tlis outward 
clTect of a multitude of atomic rearrangements wliiclt are 
activated by thermal motion. The stresses set up in the 
i-ndi\'idu?.l ice crystals during creep give rise to sinad 
differences in. their energy content which are now recognized 
as the uiiiiiiate cause of the striking growth in tl'ie average 
crystal size during flow (Plates 11, 12). 

The iiiotion of rigid masses of ice over large-scale thrust 
planes lo which some observers had attached such exclusive 
impcriance exists, but may be regarded as a subsidiary 
rather than a primary factor in the mechanism of flow. It 
does not necessarily take place along actual cracks in the 
•ice,, but preferably along bands of large crystals which are 
oriented with their glide plane parallel to the planes of 
shear.' 

Temperature Distribution in a Glacier 
It has long been known that Alpine glaciers are at the 
melting point of ice, 'except for an inslgnincant surface 
crust which is affected by external temperature variations. 
This may seem puzzling, because the mean annual tem- 
perature in the upper regions of Alpine glaciers is usually 
far be/oii’ O'" C., and also because a glacier at or near O'’ C. 
might be expected to melt away under the influence of die 
lieat'tef the earth. 

The clue to the thermal behaviour of glaciers is lo be 
found in the very large difference between the specific 
and the latent heats of ice (0.5 as against 82 caloriesj; 
so great is this difference that the heat liberated on frceziiig 
i gramme of water (the latent heat) is suriicient to raise the 
temperature of 160 grammes of ice by 1" C. Op looking 
at it in another way, very little lieat is needed to raise, the 
icmperalurc of an ice block from — 1° to O' C., as compared 


to the heat required to turn the same ice block at O'’ C. 
i n.tO' water at 0° C. 

Consider the nrn region of a glacier at the end of 
.September when its entire mass is known to be at the 
nichirg point. At the onset of winter a new layer of snow 
v/ii! be deposited and at the same time a wave of cold 
temperature vrill slowly sink into the glacier. The tlieniial 
conductivity of the new snow layer and of the layers of 
snow deposited in previous years is so poor that the winter 
coM wave docs not penetrate further than about 50 feet 
below the surface. In spring the snow at the surface begins 
to mcltj Jind the meltwater trickles down through the 
odorous snow, re-freezing on reaching the colder layers 
below. Tile heat which the meltwater liberates on re- 
freezing is siifiicient to bring all the snow back to the melting 
point and thus to wipe out the entire effects of the winter 
cold wave before the end of June. This is what happens in 
the fim region. In the glacier tongue the winter cold wave 
travels less far, on account of the higher temperatures 
prevailing in the valleys, ahd in spring its eflacts are very 
soon obliterated by the heat of the sun which penetrates 
suiiicientiy deeply into the clear blue ice to warm it up to 
melihig point. 

it can be shown on theoretical grounds that, even if 
surface melting were entirely absent, the flow of heat from 
xiie interior of the earth would warm up most of the glacier 
to the melting point, owing to the relatively small specific 
heat of ice. The latent heat of ice, on. the other hand, is so 
great, that the heat of the earth does not melt more than 
u la.yer half an inch thick from the bottom of a glacier in 
a whole year.f®> 

It should, perhaps be pointed out thatniitliough the bulk 
of the glacier is at the melting point of ice, this does not 
imply that it is exactly at 0° C. It will be remembered that 
tiie melting point of ice is reduced by 0.0075° C. for every 
atmosphere of hydrostatic pressure. Ice in tlic interior of 
a glacier will, of course, be under a pressure corresponding 



to the weight of the overlying ice masses. The consequent 
rise of pressure with increasing depth below the glacier 
surface should therefore be accompanied by a temperature 
gradient amounting to — 0.21° C. for every 1,000 feet of ice. 
This is a fact which has long been verified by direct measure- 
ments. 

ICE CAPS 

Glaciers can be divided into two broad classes: ice 
streams and ice caps. So far this article has been concerned 
v/ith the properties of ice streams, since they are of more 
general interest to the traveller and mountaineer. Yet from 
the point of view of their total mass, the ice caps are the 
more important by far, since they occupy at least five out 
of the six million square miles of glaciated territory on the 
earth. Ice caps are broad cake-like masses covering plains 
and mountain plateaux in polar regions. The largest are 
the ice caps of the Antarctic continent and of Greenland, 
the latter reaching a thickness of over 6,000 feet. Among 
the smaller ice caps, the Vatnajokul in Iceland and the 
Jostedalsbrae in Norway are the best known. 

Some of the most interesting glaciological work has been 
done on the Greenland ice cap, whose vast expanse of flat 
country, unsheltered from the wind and exposed to ap- 
palling temperatures, has not deterred expeditions from 
spending the winter there. One of the most fruitful of these 
was a German expedition under Wegener who established 
a research station at the centre of the 450 mile wide plateau 
and wintered there in a large — and exceedingly cold — 
dugout, Wegener and his colleagues were the first to deter- 
mine the depth of the ice cap; they did this with the help 
of seismic soundings, a most useful geophysical metlrod 
which consists in the seismographic recording of the echoes 
from an explosion set off on the ground. The depth can be 
calculated from the time interval which elapses between the 
explosion and the receipt of its echo from the rock -bed 
under the glacier. 


One of the most important findings of the Wegener 
expeditions concerned the economy of the ice cap. Their 
problem was to decide whether the ice cap is largely a 
stagnant mass of dead ice, built up in some previous age 
when snow fells were more abundant than they are now, 
or whether the ice cap is being nourished by regular falls 
of new snow even to-day. Sorge, one of the members of 
the expedition, dug a deep shaft in order to measure the 
thickness of successive layers of annual snow accumulation 
and found this to amount to an average of 34 inches of 
snow, corresponding to a height of over 12 inches of water, 

Sorge’s data at first sight seemed to suggest that the ice 
cap is continuously getting thicker, which is hard to believe. 
An alternative explanation offers itself if the ice cap is- 
regarded as a vast mass of plastic material sagging under 
its own weight. The precise mode of sagging will be deter- 
mined by the creep properties of ice, i.e., by its rate of creep 
at a given load and temperature, which have yet to be 
measured. The general type of behaviour, however, can be 
predicted from the laws of creep which have just been 
explained: the increase of plasticity with rising load, its 
decrease at negative temperatures and the existence of a 
yield stress. 

The temperature in the Greenland ice cap rises from 
— 30°C. at the surface to the melting point some thousands 
of feet below. Hence we should expect the ice cap to be 
comparatively rigid in its upper layers and to become in- 
creasingly plastic at greater depths, since the creep rate is 
likely to rise with depth both as a result of the increasing 
v/eight of the overlying layers of ice and of the rising tem- 
perature. These considerations led to the prediction that the 
sagging movement of the ice cap is likely to produce internal 
currents of ice flowing from the centre towards the margins 
of the ice cap . The currents should be fastest in the neighbour- 
hood of the rockbed and slow down gradually with increasing 
height ; their velocity probably becomes negligibly small as 
soon as temperatures below the melting point are reached. 


This picture ofinternai ice currents not only provides the 
clue to the economy of the Greenland ice cap, but also 
explains the origin of the vast ice streams which flow tlirough 
the marginal mountain ranges of Greenland and terminate 
in liie sea. An ice cap in equilibrium is seen as a gigantic 
cake of plastic material which, loses as much height in each 
year by sagging as it gains by the deposition of new snow. 
The sagging movement leads to the extrusion from the 
interior of vast quantities of ice which in at least one locality 
reach the sea in the form of a solid sheet many miles v/ide ; 
mostly the extruded ice descends from the high central 
plateau to the sea in the form of valley glaciers. The annual 
snow accumiiiation on the ice cap has been estimated to 
amount to an equivalent of 270 cubic miles of water, of 
which about half reaches the sea in the form of ice>bergs 
and the remainder as melt water. 

GLACIERS AND CLIMATE 

The advances and recessions of glaciers throughout the 
ages bear an interesting testimony to the variations of 
climate which have occurred during the, geologically speak- 
ing, recent past. It is well known that at the time of the 
Great Ice Age which ended approximately 10,000 years ago, 
many now fertile regions of land were covered with glaciers 
and that the climate of most of the earth at that time was 
more severe ihan it is to-day. Since the recession of the Icc 
Age, there have been several major changes in gluciiitioii 
which may have had considerable influence upon human 
history. 

There is reason to believe that the Ice Age was followed 
in Inc temperate zone by a period of climatic optimum when 
glaciers were much smaller than to-day and that a new 
period of more extensive glaciation set in about 4,000 years 
ago, lasting until the present time. Apart from tlrese large- 
■scale variations there have been several minor ones in the 
historical past among which the advances which took place- 
in the course of the 17th, 1 8th and 19th century are the ones 


which are most easily ascertainable, partly with the help of 
old documents and drawings and partly from the evidence 
of m. 0 Taines. The most recent advances took place towards 
1750, 1820, 1S50, and from about 1885 to 1895. Since then 
glaciers all over th.e world have gone through a period of 
recession which has assumed an increasingly rapid pace 
since 1930. No accurate measurements are needed to observe 
this recession. It can be seen by anyone visiting some of the 
hotels which were built in Switzerland towards the end of 
the last century for the purpose of offering the traveller a 
comfortable close-up view of those supposedly inaccessible 
wastes of ice. In many of these places the glacier has now 
disappeared from vietv, so that the names of the establish- 
ments (Hotel Gletscherblick, etc.) appear as much out of 
keeping with the times as their Victorian architecture. More 
serious than the fading attractions of these tourist resorts is 
the reduction in water supplies for hydro-electric pov/er 
which the glacier recession tlireateiis to bring about. 

The recession of glaciers in the Alps is part of a world- 
wide phenomenon which is manifesting itself in a variety of 
ways. In the Northern hemisphere glaciers in Greenland, 
Spitsbergen, Iceland, and Scandinavia have all been 
affected; those in Southern Norway are thinning so fast 
that their complete disappearance seems not improbable. At 
the same time the border of the Arctic pack-ice is receding 
northwards, so that the coal shipping season in Spitsbergen, 
for instance, now lasts for 230 days out of the year, as com- 
pared with an average of 95 days in 1909-12. In Northern 
Russia the line of permanently frozen ground has receded 
in some places by. as much as 25 miles, tliereby opening up 
large new areas to cultivation. A marked retreat of the pack 
ice has also been reported from Antarctica. 

What are the causes of glacier variations? They may be • 
due to changes either in atmospheric temperature or in the 
total impact of radiation (which is partly associated with the 
intensity and variation of sunshine) or in the annual pre- 
cipitation of snow. The Swedish glaciologist Ahlmann and 
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his colleagues have recently made a thorough study of this 
problem and concluded that changes in temperature and in 
the general vigour of wind circulation are the dominant 
factors infiuenciiig glacier size The present glacial 
recession, therefore, seems to indicate that the climate of the 
earth is getting waimer. This is in accord with other evidence 
such as, for instance, the steady rise in the mean annual 
temperature which has been recorded at Stockholm for the ? 
past 180 years. The rise only amounts to about T’C., which 
may seem very little, but is in fact large enough to have 
spectacular effects on vegetation and glacier size. 

It is hardly surprising that the analysis of glacial variations ^ 

which have occurred in the past should have aroused a f 
desire to predict future variations, a desire which has led 
to a certain amount of speculation on the existence of 
regular glacial cycles. Thus Bnickner, on the basis of the f • 
variation of general clirnatic phenomena recorded in his- 
torical documents, proposed a theory of climatic cycles with 
a 35-year period in which glaciers were also included. Others- ‘ ' i 
believed changes in glacier size to be associated with the 
1 1-year cycle of sunspot activity. Recently more careful ' , 
analysis of all the available data has done much to dispel 
people’s belief in the existence of regular climatic or glacial 
cycles and has convinced many that records of climatic 
changes in the past offer no guide to the prediction of such 
changes in the future. t 

In connection with some of the more modern hypotheses 
on glacial cycles it may not be inappropriate to quote 
de Saussure’s comment on the belief once held by the 
peasants of Chamonix that the glaciers descending 1 rom the- 
Mont Blanc advance and retreat at regular intervals of 
seven years: “L’existence des periodes est un fait certain, 
leur regularite seule est imaginaire; conu-ne on le sait, la 
reguiarite plait aux hommes, elle senible ieur assujetir Ics 
evenements; et ce nombre mysterieux de deux fois sept 
annees, assez grand pour que le souvenir de I’etat precis dcs & 
choses se soit efface de la memoire de ces bons gens qui ne 1 
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tiennent aucun registre, a pu facilcment trouver creance 
dans icurs esprits.”^^^ 

Conclusion 

Glaciers may be shrinking, but interest in tlieni is still, 
expanding, as shown, for instance, by the recent formation 
of a British Glaciological Society. The execution of glacio- 
logical research has been helped by recent governmental 
and political interest in the polar regions, but the impetus 
behind this renewed activity is still due to the purely 
academic interest which the intricate problems of glacier 
flow have for the physicist and geomorphologjst. Although 
most glacial phenomena can now be explained in a qualita- 
tive way, we still lack a precise correlation between the 
■ plastic properties of ice and its behaviour as a mass, and 
much research will be needed before it will be possible, for 
instance, to predict the flow properties of a glacier from 
the dimensions and inclinations of its bed or to account 
for many of the facts of glacial erosion. Some of the 
research now being initiated in this country and elsewhere 
may help to elucidate these problems. 
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Atomic Energy Comparisons 

Britain's first atomic pile is now in operation at i'ac 
Ministry of Supply’s Harwell Research Establishnieiit, 
under Dr. J. D. Cockcroft. Its official title of the “Gleep,"’ 
standing for Graphite Low Energy Experimentai Pile, may 
sound unimpressive in relation to the information wiiidi 
has lately been published on the progress mads by German 
physicists during the war years towards the release of atoraic 
energy. The fact is that most of the basic knowledge w.hich 
was needed was already available before the outbreak of 
war; and that apart from preliminary investigation, the 
entire Anglo-American . effort in applied research was 
concentrated on the American side of the Atlantic. Hence 
the contrast in dates - which, however, is salutary as asi 
indication that there is no mystery about the main facts of 
atomic energy, Prof. Heisenberg, whose name was inter- 
nationally familiar before the war, and who was in 
immediate charge of Germany’s atomic energy project, 
has given an interesting account of what was planned and 
achieved; which, for reasons unknown, has been allowed 
to appear in print in advance of the official United Nations’ 
report on the subject, the existence of which has already 
been made known. Compared v/ith Britain and the United 
States, it appears that progress up to the year 1942 was 
closely similar. Even by 1939, German, physicists were 
already feeling their way towards the design of a nucicar 
pile, in which energy would be continuously released; it 
was recognised that the energy from the fission of Urariium- 
235 could be made available, ia theory, either as a source 
of power or in the form of a bomb ; and for the latter 
128 
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purpose, it appeared in Germany as in the United vStatos 
that tlie necessary first step 'wonid be the iaborio'us and 
cxp^a5i'^'e separation of Uranmm-235 from rlie more 
common form Uraiimm-238 with which it is iionnariy 
mixed. From tiiat stage on, a mixture of motives appears 
to haye operated. Prof. Thirring of Vienna, an open anti- 
Nazi who lost his university post on tliat account, has 
stated that the best of Germany’s physicists had felt that 
it would be a “crime” to provide Hitler with an atom 
bomb. Prof. Heisenberg writes more cautiously of the wish 
of the scientists concerned to keep developments in their 
own hands, .and llieir prejudice in favour of the power 
application. In any case, as he admits, the final decision 
was removed from them by the hard facts that the Nazi 
leaders would permit no research effort which did not 
promise early application, and that in a Germany which 
was at war and beginning to feel the weight of an air 
offensive, the scale of effort applied in the United States 
would not have been possible. There were discussions with 
the naval authorities on the possible application of atomic 
energy for the propulsion of naval vessels — which would 
have been, able to remain at sea for long periods without 
refuelling — and only limited research on the scientific side. 
None the less the position at the end of the war was that 
a small nuclear pile had been completed, which would have 
functioned, in ail probability as a self-sustained source of 
power, if only a relatively small amount of pure uranium 
metal had been, available. Incidciitally, there seems to have 
been no difference in principle between this pile and those 
designed in the United States, so that the assumption made 
by many of the more vociferous in that country that no one 
else knew anything about atomic energy is patently proved 
absurd. It is also of interest, in connection with this Gemian 
approach, that o.ne of America’s leading eiectrica] engineers 
has lately expressed the opinion that the propuisioa of 
large ocean-going vessels, merchant as v/ell as naval, may 
well provide the first “genuinely coinmercial-’ anniu’foi/'.ti 



of atomic energy. He agrees, however, that the use of atomic 
energy on land, as a supplement to other sources of power, 
will come more quickly in countries where fuel is either 
expensive or in short supply. Britain can certainly fulfil 
the second of these requirements. 

See Heisenberg, Nature, 1947, pp. 160, 211 ; Winne, Electrical Eng., 
1947, pp. 66, 631. 


Radioactive Catalogue 

Apart from various nuclear investigations which will be 
of value in the final design of the larger nuclear pile at 
Harwell, which is expected to be ready some time in 1948, 
the existing “Gleep” will be used in the interval to supply 
small quantities of artificially radioactive materials for 
research use. It has been stated by Dr. Cockcroft that 
Harwell proposes to make and supply all radioactive forms 
which have already been listed as “on the market” in the 
United States ; and in addition to ofier what can best be 
described as a “consumer demand” service. The order of 
priority will be Harwell’s own requirements first ; university 
laboratories next ; and other research laboratories, including 
those of industry, third. Such, at least, will be the general 
policy. In detail, allocations will be administered by a 
committee, which wdll be in a position to treat individual 
cases on their merits, and on which the Medical Research 
Council, among other bodies, v/ill be represented. Ability 
to take adequate safety precautions is lixely to be made an 
absolute requirement. One suggestion is that joiid local 
committees should be set up to settle the possibly invidious 
question of what laboratories are, and arc not, equipped 
to handle radioactive substances. Detailed standards ( lave 
also been worked out at Harwell to ensure safety in transit. 
Photographic film will be used to give a final overall check 
of the amount of radiation which is penetrating the pro- 
tective lead casing; and there will be a limitation on the 
number of “cans” that may travel together. 
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IVe Are All Radioactive 

Examples continue to .multiply of research uses — mainly, 
as might be expected, from the United States, where the 
supply position is relatively good. One of the most in- 
triguing is due to a research team led by Prof, W, F, Libby 
of the University of Chicago. He has found that ail living 
things are in a very small degree radioactive. Tlie arguinent 
which led him to this particular piece of research begiin 
from, a quite natural speculation — to one versed in atomic 
energy — as what the effects on the atmosphere might be of 
the neutrons which cascade through it as a part of cosmic 
radiation from outer space. Even before the war, it was 
known from the work of Prof. Enrico Fermi (whose name 
is now associated with the design of the nuclear pile) that 
neutrons were an extremely effective agent in bringing out 
atomic transmutations. And, after the demonstration of 
this fact given on an engineering scale, first in the nuclear 
pile, and later in the atom bomb, it w^as natural to consider 
what changes the atoms of the air might be expected to 
undergo from the similar, but less intense, treatment to 
which they are continually exposed. Prof. Libby concluded 
from the knov/n results of laboratory experiments, that the 
most likely change was the conversion of atmospheric 
nitrogen into radioactive carbon. As the average life of a 
radio-carbon atom is some seven thousand years, he saw 
furthei- that this radio-carbon would have plenty of time 
in which to be absorbed from the air by plants in the form 
of carbon dioxide ; built iip by plants into sugars and 
proteins ; eaten by animals and incorporated into their own 
bodies; and either be breathed out again into the air as 
carbon dioxide, or else find its way into the sea or soil. 
From such data as were available, he predicted that n.H 
carbon derived from living forms— or equally from the air, 
sea or soil — would be found to be radioactive to the extent 
of between 1 and 10 disintegrations per gram weight per 
minute. This is a fantastically small amount of radio- 
activity to seek tn 


tratirig the radio-carbon obtained, in the form of methane, 
from the Baitimore City sewage works, Prof. Libby has 
been, able to confirm that the predicted radioactivity of 
organic carbon is a real phenomenon. As a check, he 
attempted to apply the same process to other samples of 
methane from petroleum, which has been long enough 
below ground to have lost any radioactivity it may once 
have possessed ; but in this case no amount of concentration 
produced any measurable effect. It looks, therefore, as if 
we are all, as Prof. Libby predicted, a little radioactive, and 
that this radioactivity is derived, in the first instance from 
whatever cataclysms in stars or space give rise to cosnfic 
radiation. It is a majestic conception, which it is something 
of a technical triumph to have been able to confn-m; and, 
if Prof. Libby’s work does nothing else but drav/ attention 
in dramatic form to the reality of the “carbon cycle” on 
which ail life ultimately depends, it will probably have been 
worth while. But it has no bearing whatever on, for 
example, the practical problems of plant nutrition. Plants 
get the carbon they need from the air. 

See Libby, Pkys. Rev., 1946, pp. 69, 671 ; Anderson, Libby, Wein- . 
house, et al. Science, 1947, pp. 105, 576, 

Research Uses 

Other and more practical uses of radio-activity in physics 
and industry have been discussed at a conference hold by 
the Institute of Physics, against the day when Dr. Cockcroft 
will be able to make supplies more readily available. The 
m.ethod is the same, in principle, as that used in the United 
States studies of blood storage and transfusion whicli ^vere 
mentioned in Science News 2. The point in each case is 
that radioactive atoms take part in the same chemical and 
physical changes as do uoimal stable atoms of the same 
chemical element; but, because of their radioactivity, cun 
be followed, wnth no room for argu 4 nent, wherever they 
may go. in one engineering application, mechanical wear 
has been studied in moving machinery by incorporating 
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work, rather than from the use of trial-and-error methods, 
however successfui, that the biggest advances must in the 
long run be expected. One such research, carried out by 
Dr.^\. Giiinier in Paris, has had as its object the explana- 
tion of the, accepted process of “precipitation hardening,” 
in v/hich a “keying” effect is brought about by the pre- 
cipitation, through sudden cooling, of small crystals of one 
metal from solid solution in another. What probably 
happens is that these minute “keys” act as so many ciicck- 
points on the “slipping” which would normally take place 
within larger crystals. This picture is supported, among 
other work, by Prof. Andrade’s demonstration that wires 
made of single crystals of almost perlectly pure metals 
are among the weakest of solid materials. Dr. Giiinier’s 
achievement has been to measure, by X-ray methods, the 
shape and distribution of these keying nuclei in two 
comparatively simple cases. Working with aluminium, 
which has a cubic structure, to which 4 per cent of copper 
had been added, he found that the latter deposited 
itself in flat disc-shaped nuclei, arranged parallel to one 
or other of the three planes of the crystal cubes. The 
average spacing between nuclei was of the order of a 
hundredth of a wavelength of light, the nuclei themselves 
being even more submicroscopic. If zinc was used instead 
of copper as the added metal, the spacing was of the same 
order, but the nuclei were now spherical instead of disc- 
shaped. Other experiments of Dr. Guinier’s have confirmed, 
so far as they go, the belief that the size of these invisible 
keying nuclei is connected with temperature. The more 
sudden the cooling, and the lower the temperature iii which, 
precipitation takes place, the smaller are the iruc.ld. As 
regards stability, merely transient changes in temperature 
should bring no change. But if such an alloy is left for a 
long period at a higher temperature, then there will be 
partial re-solution, with re-precipitation in the larger par- 
ticle sizes characteristic of the higher temperature. This 
means that if the original particle size was correctly chosen 


for maximum hardness, prolonged heating will lead to a 
loss of hardness, even although the temperature reached 
may have been well below the melting point of the alloy. 

This has provided the starting point for a new type of 
alloy which has been made experimentally by Dr. J. L. 
Mey^ring of Eindhoven, Holland. His argument was that 
if he could arrange that his keying nuclei were composed, 
not of the alloying metal itself, but of a stable oxide, then 
no amount of later heating would cause the nuclei to re- 
dissolve. The original particle size would thus be retained, 
and there would be no loss of hardness from heating. His 
procedure was to take a small amount of a metal which 
combines readily with oxygen — ^for example magnesium or 
beryllium — and a larger amount of metal which does not ; 
prepare a solid solution of the first in the second; and heat 
this in an atmosphere of oxygen at a temperature one or 
two hundred degrees Centigrade below the melting point. 
Under these conditions the oxygen penetrates the solid 
metal and combines chemically with the favoured metal. 
With silver as the main metal, and between ^ and 1|- (by 
atoms) of magnesium or beryllium, an increase of about 
five-fold in hardness was obtained. With copper or nickel 
as the main metal, the relative gain was about half as great. 
For other reasons — of which brittleness is one — none of 
the few test alloys which he has so far produced appear 
practical. It is also a restriction on the method that the 
“main metal” should not itself be readily oxidised. On the 
other hand, the general principle that the “keys” of pre- 
cipitation hardening can be “fixed” by chemical combina- 
tion against the effects of temperature changes should bo 
capable, in some shape or form, of practical use. 

See Conference on tlie Strength of Solids, University of Bristol and 
J nstitute of Physics, 1947, in the press. 

Daylight Meteors 

One very striking result of the use of radar methods to 
record the arrival of meteors in the upper atmosphere has 


beenllie discovery of a hitherto completely unknown stream 
of meteors at the Jodrell Bank Experimental Statioii of the 
University of Manchester. This is under the iniiiicdiatc" 
direction of Dr. A. C. B. Lovell, who was one of oar radar 
scientists during the war, but forms part of the physics 
department of which Prof. P. M. S. Blackett is the heiid. 
There are several unusual points about these meteors. 
The first and most striking is that they are a “daylight 
stream,” which from the nature of the case coiij.d not have 
been detected by the normal method of visual observation. 
This division into night streams and daylight streams arises 
from the fact that, whereas the earth’s orbit round the sun 
is not very far from circular, the orbits of meteors are for 
the most part highly eccentric, passing very much closer 
to the sun than we do at one point, and at the opposite 
extreme travelling out into more distant regions of the 
solar system. Ignoring complications, this means that, the 
meteors of any particular stream may approach the earth 
from either of two different directions. They may be 
detected, as in the normal cases, when they are moving 
in towards the sun, and so approach the earth on the side 
which is in darkness ; or, as has now been made possible 
by radar, they can be picked up when they are moving out 
from a point near the sun, and so reach the earth on the 
“daylight side.” There is therefore a special interest in the 
detection for the first time of a stream of this kind. It is 
something which could not before have been done. The 
second interest of these new meteors is that the stream of 
which they form part appears to be unusually widely 
spread. As an example of what normally happens, the 
Geminid meteors of December gave, in 1946, a radar count 
of twenty or more meteors an hour on only four days, 
and the peak count for . the whole display was only 43 an 
hour. In other words, we had passed through the most 
heavily “populated” part of ' the meteor stream in the 
course of about four days, during which the earth would 
have travelled rather more than three million miles in its 
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orbit round the sun. The new meteors, on the other iiarid, 
aithougb first observed in May, were still soriig ^strong in 
July ; and for about two months the maximiini daily count 
rate never fell below the figure of twenty meteors an uom- 
which has already been quoted in the case of the Gcminids. 
This implies a spreading out of the meteor stream to an 
extent which has never before been observed, and wdll give 
the astronomers who are nov/ at work on the results some 
quite difficult problems in interpretation. The usual, bui 
unproved, assumption is that each of the main ineteor 
streams which the earth encounters is associated with some 
particular comet. The basis for this belief is that they 
appear to follow closely similar orbits; and the fact that 
the comet itself is only seen once in each revolution round 
the sun, -whereas the meteors are seen aiinualty, is explained 
by supposing that the latter have become spread out 
lengthwise round the entire orbit which they follow, as 
sometimes happens with athletes in a long-distance race. 
Knowledge of this kind of spreading out is dependent, 
naturally, on looking for the same meteor stream, year 
after year, and finding that some of its representatives 
always turn up. The spreading out which has been observed 
in the new meteor stream is, as it were, sideways. It is 
as if the track itself had been broadened out — and that to 
the extent of about one hundred million miles, or more 
than one-sixth of the earth’s total orbit round the sun. 
"For this reason, there is some doubt as to v/hether the 
whole of the new meteors can be associated with a single 
comet. A possible alternative is that the orbits of two or 
more different meteor streams may pass close together, 
giving the impression where they cross the earth’s path of 
a single stream. If all the meteors “belong” to a single 
comet, it is probably Halley’s, the most famous of t,hem all 
See Britisii Astr, Ass. Circular,, 1947, No. 282. 

The Aurora Borealis 

The Aurora Borealis, long admired by visitors to northern 


Jatiliides as one oi'the most impressive of natural spectaeies, 
is also one of the best available .methods of studying the 
upper atmosphere. Physicists, incidentally, prefer the 
description Aurora Polaris, since Borealis means nortliern, 
and these displays of luminous arcs, bands and curtains 
are as characteristic of southern polar regions as of the 
north. In, either case they are believed to be due to the 
impact of electrically cWged particles on the earth’s 
atmosphere — the effect of the earth’s magnetism being to 
guide these particles towards either the north or soiidi 
magnetic poles. 

To the meteorologist, in the long run in relation to 
weather forecasting, the chief claim of the Aurora to interest 
is that it affords the one means available — short of high 
altitude rockets — of studying the whole range of the earth’s 
atmosphere from about 60 to about 600 miles above the 
earth. Several different lines of approach are possible. The 
oldest, due to Professor Stormer of Oslo, is the systematic 
collection of the heights of Auroral displays, by simul- 
taneous photography from two or more stations. From his 
network of stations in southern Norway, he has now some 
12,330 measurements ..of height at his disposal, £md he 
reckons that a further 8,000 heights can be secured iTom 
existing photographs. He has, therefore, published a first 
analysis of all these observations, and is now setting 
systematically to work to secure the greatest possible 
information from the large mass of photographs already 
taken. 

A second approach, in which the French school of 
p.liysicists has long specialised, is the detailed study of the 
radiation produced not only by the Aurora itself but also, 
although at very much less intensity, by the normal night 
sky. This has shown that the chief components of the upper 
air are oxygen in the atomic state, nitrogen as at ground 
level, and possibly some few other elements, including 
sodium believed to be derived from meteors. Much work 
of this kind was discussed at an international conference 


which was held lately in London by the nieteor-ological 
research committee of the Royal Society. 

Siiil more lately. Dr. A. C. B. Lovell, of the Uaiversily 
of Manchester (whose work 0 !i meteors was merit ioned in 
the preceding paragraph) has found that radar methods 
can also be applied to the Aurora. At the Jodrell Bank 
Experimental station near Manchester, he has obtained, 
radar echoes during last summer from a luminous cloud 
at the tip of one of the well-known Auroral streamers. He 
was able, in addition, to measure the electrical state of the 
cloud, and to compare this with that of “nofraai'” air at 
the same time and height. He found that the number of 
free electrons in the cloud was roughly one hundred limes 
as great. Although clearly of more use to Professor Stbrmer 
in Norway than in England, it would seem therefore that 
a valuable new method of studying the Aurora has been 
discovered. 

See StSrmer, Terrestrial Magnetism, 1946, pp. 51, 501; Lovell, 
Clegg and Ellyett, Nature, 1 947, p^. 1 60, 372. 

New Law of Magnetism 

The magnetism shown by the earth, and as soon as it 
could be measured by the sun also, has long presented a 
problem to physicists and astronomers. The fact that the 
line joining the north, and south magnetic poles of the cartli 
is in rouglTly the same direction as the line joiniag tJi.e two 
geographical poles carries an obvious hint that the carin’!’ 
rotation may have something to do with its magnetism. 
And, as long ago as 1891, it was suggested that it might 
be the cause of it. At this time, there was no other large 
and rotating body with which comparison could be made; 
and there was also the quite formidable difficiiity tliai tl-se 
earth’s magnetic axis was in a direction ten degrees dilferenl 
from its axis of rotation. This meant that even if the 
rotation of the earth was a main cause of its magnetism, 
it would still be necessary to provide a second tiieory which 
would explain the discrepancy. Then, in 1910, the first 


measurement was made of the magnetism of the sun. Tp 
this case, too, it was found that the rnagiieiic axis corre- 
sponded nearly, but not quite, with the axis- of rotation. 
The discrepancy was a little less, about four degrees instead 
often, but still large enough to require explanation, Tims 
the position remained until the beginning of the present 
year, when Dr. H. W. Babcock of Mount Wilson, Observa- 
tory, California, published the results of the first measure- 
ments which have been made of the magnetism of a star. 

As it happened, Prof. Blackett of Manchester v/as already 
interested in the problem, since the earth’s magnetism had 
affected his own work, on cosmic radiation. Not all of the 
particles found in cosmic radiation are electrically charged. 

But the effect of the earth’s magnetism on those particles i 
v/hich arc electrically charged is to cause them to approach [ 
the earth along a spiral course, with the slower-moving | 
particles making predominantly for one or other of the | 
magnetic poles. The point, in the present connection, is f 
that Prof. Blackett had already been used from his ov/ii f 
work to thinking about the earth’s magnetism; and being [ 
a physicist, he thought in general terms, rather than special 
and elaborate explanations based on speculation as to what 
might be going on within the earth’s crust. With this I 
approach, he was struck by the fact that, in the case of the | 
earth and the sun, the “strength of magnetism” (magnetic I 
moment) of these two bodies was proportional to their 
angular momentum-— the latter expression meaning, in ; 
effect, the time for which a specified braking force would : 
have to be applied, at the same distance from their centres, \ 
to bring them to rest. “Quantity of rotation” is another 
way of expressing the same quantity. It depends, in any 
case, on three factors— mass, rate of angular rotation, and , 
degree of compactness; and is about ten million times 
greater in the case of the sun than in the case of the earth. 
Having got so far already, Prof. Blackett was naturally 
.quick to test his ideas against Dr. Babcock’s measurements 
of the magnetism of the star, 78 Virginis, as soon as these I 


v/ere available. Compared with the sim, he found that both 
the magnetism and the axigular juojiieiitiim of this star were 
increased in' about the same proportion, and by a factor of 
some hundreds. He has suggested therefore, a,s new h:o,Y 
of nature, that any massive and rotating body is auh> 
niaucally a magnet, in virtue of its rotation ; and that tliesc 
two quantities, magnetic moment and angular iuomciiliuru 
are always proportional to one another.* This, if tn?.c, is a 
very remarkable conclusion. So far, it rests on three cases 
only. The further possibilities are: First, coniirmadoji froiu, 
other stars; and, second, which would be much more 
convincing and satisfactory, that by rotating a sufneienti^' 
large bronze sphere at a high enough rate, it might be 
possible to demonstrate the same effect in the laboratory. 
The indications are that the magnetism due to the rotation 
of such a sphere should be just, but only just, detectable. 
It should be added that some few weeks after Prof. Blackett’s 
announcement in England, Dr. Babcock put forward 
similar ideas in the United States. 

See Blackett, Nature, 1947, pp, 159, 658; Babcock, /., 

1947, p. 105. 

The Heat Pump 

Anything which can lead to a saving of coal is of obvious 
importance under present conditions both in Britain and 
ill Europe as a whole. Also, and apart from any immediate 
shortage in supplies, it is clear that as wage standards uikI 
living conditions are improved, it becomes economic to 
spend more money on capital equipment whicli will lead 
to fuel economy. It is for these two reasons tluil eiigineers 
have lately been taking increased inlcrcsi. in a device \S'Tich., 
although generally unfamiliar, has been recognised as a 
theoretical possiblity for more than a century. 'Tliis is tJie 
“heat pump,” no longer an idea, but a practicn.l en.^-iueeriug 
device. It has been used by Mr, J. A, Sumner, Cify filecir'cn.! 
Engineer to the Corporation of Norwich, to lic-q- his own 
headquarters building through two winters, atid has given 


quite a remarkable degree of fuel economy. This is the 
first practical test of such a isystem in llritain. It showed 
that, whereas with a coal-fired boiler some 55 per cent of 
the heat released by the fuel was wasted, with a heat-pump 
the amount of useful heat supplied to the hiiikiirig was 
actually slightly greater than the heat-vaiuc of the coal ■ 
burnt at the power station from which power was obtained. 
This sounds impossible— and would be if all tlie heat 
supplied to the building had come ultimately from (he 
coal. However, as the name “heat pump” suggests, its 
purpose is to pump heat from one place to another: and, 
ill this case, the water of a neighbouring river was being 
cooled at the same time as the radiator water in the* 
building was being warmed. In other words heat was being 
“pumped” from the river to the building. 

That this should be possible is demonstrated daily by 
any refrigerator. The case is perhaps most obvious with the 
gas type. With this, there is an obvious chimney and grating 
at the top, and anyone sufficiently interested can verify by 
placing his hand over it, that, so far as the room is con- 
cerned, the refrigerator is acting in a small way as a source 
of heat. Energy is being supplied from outside, in the 
shape of the gas flame at the bottom; and this energy is 
being used to “pump” heat from the food in the refrigerator 
into the room. The difference is one of purpose. That of a 
refrigerator is to cool food, and it is so designed as to give 
the greatest possible cooling for the smallest possible supply 
of energy from outside. In the case of a heat pump, as used 
by Mr. Sumner, the main purpose is to supply heat to the 
building, and this therefore becomes the controlling factor 
in design. As to the possibilities, the saving in fuel has 
already been mentioned. The Norwich figures show also 
that, under comparable conditions, there should be saving 
in cost as well. On the other hand there is a restriction in 
the fact that, for any-, “pump” of Mr. Sumner's type, it 
is necessary to have available a suitable supply of running 
water, part of which can be tapped off and cooled. But, as 


ugainst this, heat pum]xs in which heat is c.xtracted from 
the air, instead of from water, are also possible; and ooc 
such design has been tried, and has woriced, in SwilzorinmL 
Last, there is the possibility of combining the “‘Jiciit puiTip” 
with air conditioning, in such a way that the air supply 
to the building is heated in winter and cooled in sunimer, 
using the same plant to do both jobs. As with any form of 
new and specialised equipment, time will be needed to work 
out the best systems, and for the necessary plant to be put 
into regular production. But on the main point, tluit heal 
pumps are likely to be used in the future for the heating 
of many large buildings, there can be little doubt. 

See Sumner, Proc. Inst. Mech. in the press. 

Sugar as a Raw Material 

New uses for sugar in industry are likely to result from 
the work of the Colonial Products Research Council. This 
body was set up in 1942, as part of the plans of the then 
Government for the post-war development of British 
colonial territories, particularly in the tropics. Its head- 
quarters are at the Lnperial Institute, and its director is 
Dr. J. L, Simonsan. One of the Councirs terms of reference 
is “to advise what colonial raw materials are likely to be 
of value to the manufacture of intermediate and other 
products required by industry” and “to initiate and super- 
vise researches”. Two such materials are clearly sugar and 
starch. Of these, sugar is both the simpler chemically, and 
also the more likely, in spite of present rationing, to be 
again suffering from over-production within compara- 
tively fev/ years. Since 1943, therefore, within a year of 
the Council’s fomiation, a team has been working at 
Birmingham University, under Prof. Sir Norman Howarth 
and Dr. L. F. Wiggins, on the various chemicals which 
can be derived from sugar. One such is a substance known 
as levLilinic acid which, in the form of its sodium suit, is 
stated to be excellent anti-freeze for use in car radiators. 
Other derivatives of cane sugar may find application in the 



plastics; industry. More to the point, it hus boon foiisui 
that crude lincrystallised cane sugar can be used as the raw 
material. Also, since the processes involved ai’e com- 
paruliveiy siinpie, it should be possible for manufacture to 
be carried out in the countries of origin. 

Another of the Comicil’s proposed activities is the 
establishment in Trinidad of the first research institution: 
in the British Conmionwealth solely devoted to iiiicro- 
biology — the study, that is, of moulds, bacteria and otiier 
primitive forms of iife.»It is a branch of science whicii. 
jumped from neglected obscurity into sudden prominence 
with the development of penicillin; but in fact it has long 
been known that the flavour of, for exaJiiple, tea, Cvocoa. 
and tobacco is greatly afiected by the action of micro- 
organisms, not necessarily for the worse, while in other 
cases they are responsible for serious plant diseases. One 
such is the notorious Panama disease of bananas, which 
may well prove critical for the banana industry of the 
West Indies. K recent discoveiy, which may b^e. hopeful, 
is that a primitive soil fungus, also first isolated in the 
West Indies, can destroy the organism which causes the 
disease. This is being jointly investigated, by a team of 
chemists at the Imperial College of Science and Technology 
in London, and on the biological side by Dr. A, C. Thaysen 
who will be the first director of the Trinidad In.stili?ie. 

See Simonsen, The Axlvancement of Science, 1947, pp. 4, 166. 
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Editorial 


CupaousLY eaoHgli, altlioiigli nobody talks of :l-939-45 as 
the war wliicli endad V/ar, nobody is yet discussijig tlic 
form the armed conilict will take. The exciting and 
ternbio power of the atom bomb seems- to have hypnotised 
US inlQ claiming that the next war will end civilisation, and 
therefore niiist not occur ; and at the same time that we will 
defend our way of life against anyone who tries to thrust 
anoti^er way upon us. it may not be of Britain’s choosing; 
it may noi be about or against Germany; but sooner or 
later, sucii being the way of mankind, it is highly probable 
another war will break out and we shall all be involved. It 
5-.eems worth while to face this future realistically, which 
diminishes- the terror. What will it be like? 

Bacteriological w^aifare, at present a top secret on all 
sides, is a weapon aimed at the whole population. It seems 
possible that it might be developed along two lines. One is 
the simpie spreading of infectious disease, for instance, by 
dropping large numbers of plague-infected rats into a city 
to start an epidemic, or by spraying infantile paralysis virus 
into the air over a tov/n in a special way to ensure its aerial 
persistence and consequent coiitiaued infsetivity. Althoug’n. 
it is tt'ue that perhaps only two persons in every hundred 
exposed would get the disease seriously, or even at ail, yet 
in a city of 500,000 this means 10,000 cases, which are quite 
cjiou.gli to swamp all normal medical services and result in 
the stoppage of all activity, and a cease-fire. The other mode 
of attack depends on the fact that some bacteria produce 
rmiazingly powerful poisons. The toxin of botulism., for 
instance, is deadly even in. the merest traces. It w'ould be 
possible to make it pure by the pound and distribute it in 
Nvater supplies or by aerial sprays with devaslating effect. 



Clearly the reply to this, kind of warfare rests with the 
medical services. They will develop ways of rendering 
poisons harmless and the air fit to breathe, and they will 
teach everybody the rudiments of nursing and tlic recog- 
nition of the infectious diseases. 

As for the atom bomb, apart from its use as a suriM-ise 
opening to a war, which could probably thus be prema- 
turely terminated through the resulting panic, its 
fearsoraeness may be over-rated. It produces three kinds 
of attack: the destructive shock wave (blast), fires (flasii) 
and radiation sickness. The first tv/o of these can be 
minimised by a proper system of dispersal, deep shelters, 
and the increased use of undergi'ound food stores and 
factories, as already worked to some extent in 1939-45. 
Radiation, sickness, its prevention, its treatment, is again a 
problem for the medical services. In fact the next war will 
be par excellence a medical war. Its outcome will depend 
entirely on the progress of medical research and the training 
of the Civil Defence Services. 

These are a few random speculations : every scientist has 
his own pet ideas of what to expect and how to deal with it. 
The actual progress of military research can obviously not 
be included in Science News, but it seems worth while to 
draw attention to the kind of planning and development 
that must be going on. It is no use putting one’s head under 
the blankets, and in an issue devoted largely to the applied 
sciences (High-Speed Flight, Craftsmanship, the uses of 
Photography, Calculating Machines) it would be wro.ng not 
to include at least some reference to the most important 
applications of all — to the next War. 


Measuring Craftsmcmship 

DR G. VV. SCOTT -BLAIR 

It all looked so easy. - until 1 tried it iiiyseifl. Uiidef tfie 
potter’s hands the mass of clay elimbed up so gracefully and 
evenly until the bowl was formed. I knew, of course, that 
the clay must be plastic enough to hold together and not to 
crumble in its rapid deformations, yet firm enough to hold 
its height. I asked the potter how he could tell whether a 
new batch of clay had the right ‘plasticity’. ‘Well’, he said, 
twisting a rod of moist clay round in his hands, ‘you can 
see if itll stand bending like this ; but really, when you’ve 
been making pots for thirty years as I have, you’ll know the 
feel of your clay all right.’ ‘But how do you teach the young- 
sters?’ I asked. ‘Well, I can’t rightly say that I do teach 
them. They learn for themselves, there’s no short cut to 
knowing your clay!’ 

I tried my friend the baker. He was just starting to knead 
up his dough. ‘That’s a better flour’ he said ; ‘That’ll take 
about 15 gallons a sack!’ ‘How do you tell how much water 
it’ll take?’ ‘Well - when you’ve been on this job for as long 
as b have ...’ 

So I Vv'ent to the cheese store - rows of shelves from floor 
to ceiling almost as far as the eye couid reach - literally 
ilioiisaiids of cheeses. ‘I wish my thumb didn’t tire so 
quickly!’ said the grader, jabbing that organ into the top of 
one of the cheeses. ‘Ah, that’s a better body for you!’ I 
gathered that this remark referred to some quality of the 
cheese and not to the fallible hiiman^ instrument used to 
test it. The grader was an old man and I wondered how many 
years it had taken him to learn his very skilled trade. 

Now I’ve been more than twenty years at . my job - a 
research physicist. I hope perhaps that with the large card 



index Fve collected and the much less reliable filing S3>;iC!fi 
of iny memory, Fm more use at the job than I was wbe-?! I f 
started as a youngster with no more nientai and physical 
equipment than my hastily acquired examination knowiecjge 
and my set of students’ text books. 

But this is the point: - If I had measured the viscosity of 
an oil or the electrical resistance of a wire even in those day*--, 

I should have got the same result as my most kariicd pro- 
fessor; or, if] hadn’t, he would easily have spotted somesiiiy 
mistake in my measurement. It would have been unthink- 
able for him to have said to me: ‘When you’ve been doing 
physical measurements for twenty years or so you’ll get a 
different answer.’ 

How does the viscosity of an oil or the resistance of a wire | 
differ from the plasticity of a clay or the body of a cheese? f 

It would not be true to say that these latter things can't | 
be measured by instruments - to some extent they can ; but, ; 
unlike viscosity and electrical resistance, the best we can { 
hope from measurements of plasticity and body is that they ( 
shall not depend on the skill of the person who makes the | 
test (once he has acquired the very simple technique needed I 
to work the apparatus). The results will depend on the exact I 
design of the machine and precise technique for its use ; nor r 
can we be perfectly sure that the ‘plasticity’ or ‘body’ that is 
measured will be exactly what the potter or the baker means 
by these terms. 

Unfortunately, in most industries, the ‘properties’ of mat- • 
erials that are of practical importance are not simple physical , 
properties like viscosity, or electrical resistance, but complex I 
concepts like plasticity, of which Brogiiiart said, over ;i , 
hundred years ago, ‘On a souvent parle dc cette propriek, 
on semble la connaitre, mais on n’eii a tjii’une vague 
id6e’. 

This being so, industry is bound to tend to rely on the 
skill of the old craftsman who knows his materials - nor is 
it always desirable to replace such craftsmen by machines. 

But there are many cases, especially in these times of ecofi- | 


iVltASi UKI JNUt C-KAr I! 

oinic difficulty, when the necessarily large scale of niodcrj} 
production makes it essential to control materials and pro- 
cesses by less subjective methods. 

Cheese used to be made on the farm with a few gallons of 
milk at a time, and I am quite certain that no one will make 
anything as good as the best English farmhouse dieese„ 
without craftsmanship, by means of clocks and machines. 
YqI it is positively pathetic to see an elderly and obvioi.b.];v 
iKirj-assed cheese-maker trying to cope with a Lnirch oi' 
\siow starter’ or an unexpected deterioration in milk quality 
in a big modern factory handliiig some 20,000 gallons of 
milk a day. 

A director of an old-established firm said to me recently, 
‘We’re prepared to use Science v/hen it helps but not when 
it makes things worse’. I think that by ‘Science’ he meant 
‘Mechanisation’ or ‘Instrumentation’, as the Americans 
call the mechanisation of testing materials. Science, as 
organised common experience properly applied, coiild 
hardly make things worse. But I sympathised with him, for 
I well remember on the continent some years before the 
war a country where the progress of vitally important wheat 
breeding experiments was controlled solely on the resulls 
from a dough quality testing machine, which I was able to 
shov/ from figures already available on the spot, bore no 
relation whatever to the quality of the doughs as judged by 
experienced bakers and millers. 

It therefore seems necessary to ‘measure’ craftsmanship 
in order to find out just what these ‘properties’ are ’which 
the potter, the baker or the cheese-maker claim to be able to 
assess by handling materials ; to find out Iiow small a change 
in such ‘properties’ the expert can correctly detect ; by how 
mucli his judgments on any given material will differ on 
different occasions ; how far the judgments of one expert 
differ from those of another; whether there is any quicker 
way of teaching this craft to apprentices ; and whether when 
the hands serve as a testing machine, the expert uses his 
joints and, muscles to their best adv'antage. 
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Often the expert does not himself know’ to wluit extent 
liis judgments depend on sight or feel. Thus Binns found that 
a highly skilled wool-top tester could judge the soilness of a 
wool no better than could a' school-child when both were 
blindfolded, though the experts were certain tliat judgrnenis 
were made by fee] and not by sight. The baker, too, uses 
his eyes in judging the quality of doughs. Katz, following 
experiments on blindfolded bakers, reports that ‘the baker, 
in judging doughs, is not absolutely lost without vision, but 
on the other hand, he can make the optical impressions t!ie 
only ones to rely on if we want him to do so’. Katz himself 
kneaded the dough and asked the baker to judge its quality 
piirely by sight. 

Stickiness is an important factor in judging dough quality 
and must be taken into account in designing any instrument 
intended to measure ‘body’. In the judging of stickiness, 
Katz found that temperature plays an unexpected part. 
‘The higher the temperature, the less sticky a dough will 
feel, the lower the temperature the greater the apparent 
(not the real) stickiness.’ 

Miss Sullivan has shown how misleading the feel of 
materials on the fingers can be if sight is excluded. /\ sub- 
ject’s finger was dipped into w'ater at a series of diliereiit 
temperatures, the hand being screened so that the nature of 
the liquid could not be seen. As the temperature rose from 
the freezing point to 42°C., the feel was described pro- 
gressively as (1) mushy - like partly-melted snow ; (2) muddy 
- like mercury : (3) gelatinous - like gelatine ; (4) wet - like 
water ; (5) (at blood heat) oijy - like oil ; (6) greasy - like 
melted butter. 

V. G. W. Harrison, in his interesting book on 'T/ic 
Definition and Measurement of Gloss* tells of the very 
complex blending of factors by which the gloss of paper is 
judged. ‘Gloss meters’ of all kinds have been made by the 
physicist, but Harrison says ‘To sum up : for metals, paints 

* Printing and Ailicd Trades Research Association, London, 
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and varnishes, the “objective” gloss meter may be satis- 
iactory for certain purposes ; for textiles and papers, nov 

in oirr work at the National Institute for Research in 
Dairying, we have found that expert cheese-makers tend to 
judge cjiiality of cheese as a whole and that such ju.dgments 
of quality are more reproducible than are those of non- 
experts. But the experts find it hard to judge one factor 
(say firmness) separately from anotlier (sucli as springiness) 
and, as a result of this, the judgments of non-experts, though 
less self-consistent, often agree better than do those of the 
experts with testing instruments which measure isolated 
physical properties. 

Plate 38 shows a cheese-maker testing the quality of 
cheese curd in, the making. Plate 39 shows an instrument for 
measuring the weight and height (and hence the density) of 
a cylinder of curd on the principle that the softer the curd, 
the less easily can the heavier whey drain out of the test- 
cylinder to be replaced by lighter air. The results of the 
density test agree well with the expert’s judgment. 

Plate 40 shows a grader about to judge the firmness or 
body of a ‘plug’ taken with a special borer from the cheese. 
Plate 41 shows a hardness tester in which the penetration 
of a ball into the surface of the cheese under a standard load 
is measured. This serves as a kind of ‘mechanical thumb’ 
and agrees fairly well with the grader’s opinions. Keestra, 
in Holland, has made a similar study of the firmness of 
butter as judged by ‘thumbing’. 

In order to determine the ‘thresholds’ or just noticeable 
differences (j.n.d.’s) when people compare the firmness of 
two materials by squeezing one in each hand, we started by 
making experiments on materials which are physically 
simpler than cheese. Firmness of cheese cannot be exprefised 
by any one single ‘physical property’, but there are certain 
bitumens which, though of about the same firmness as 
cheese, have the property of flowing at a perfectly steady 
rate under constant pressure and, when pressure is varied, 
at a rate proportional to it. so that even at the 'irnalie-st 
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pressures they will flow very slowly. This means that for 
these materials, the conception of firmness must depend 
simply* on the constant ratio of pressure to rate of Itovr. 
whicli is called viscosity. Viscosity can be measured i?i a 
variety of ways, all of Vvdiicii should give the same answer 
if the temperature doesn't change. 

Though rubber is not perfectly elastic, as a firsi, app'oxi- 
niaticn it is true to say that just as bitumen flows twice as 
jast when you press twice as hard, so rubber deforms twu'ce 
as far and stays put when the pressure is constant. For 
rubber, firmness therefore depends on the nearly constanl. 
ratio of pressure to amount of deformation, which is called 
an ‘elastic modulus’. When people were asked to squeeze, 
one in each hand, small cylinders of bitumen and, on other 
occasions, small cylinders of rubber and to compare them for 
firmness, trying to exert a steady pressure on each occasion, 
it is not perhaps surprising that it was found that rubbers 
could be compared with one another with about three 
times as small a j.n.d. as that found for bitumens. The former 
could be compared statically, by comparing amounts of 
deformation ; the latter were flowing all the time and had to 
be judged by rate of flow. 

Skilled cheese-makers did not notice smaller differences 
than the rest of us, but younger and less educated people did 
rather better than older and better educated people. 1. 
remembered this v/hen, on a recent visit to a pottery, I 
watched very young girls manipulating clay with great skill 
and was told how satisfactory many of them were. 

The j.md.’s don’t seem to depend on the sensitivity of the 
skin so much as on the frame of mind of the tester. Routine 
analysts, who are used to doing very careful work day by 
day without knowing the purpose of the tests, and who do 
not worry as to whether they are doing better than their 
neighbours, showed strikingly low j.n.d.’s. Expert handlers 
of materials - cheese-makers, bakers, etc. - are apt to be 

* Ceriain precautions have to be taken to ensure that this is realiy 
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suspicious ill tests of this kind ~ and suspicion has a dcv~ 
.rotating cftect on the thresholds. 

It might sesm therefore that soch experiments do not tell 
i;s mach about the real skill of the craftsman. Nor do they 
imless we go further to study mors complex situations. 

What liappens if you compare for firmness a bitumen in 
one hand with a rubber in the other? The physicist will tell 
you with horror that you can no more describe a viscosity 
as greater or less than an elastic modulus tliaii you can rail 
20 seconds greater or less than 15 feet. This, in a sense, is 
true. Yet few people have any difficulty in comparing rubber 
and bitumen for firmness. The decision as to which is the 
finner depends on the time allowed for the squeezing. If 
this is controlled by means of a metronome or similar device, 
it is found that the time of squeezing and the elastic modulus 
of the rubber are equally important in effecting the decision. 

By what factor is the judgment made? In compari.sons of 
rubber with rubber, the deciding factor is the distances 
through whiich the rubbers compress under the steady 
pressure exerted.* In comparing bitumen w'ith bitumen, it 
is presumably the rates of flow which are compared. In 
comparing q rubber with a bitumen, the judgment can hardly 
depend on a rate, since, except during the first fraction of a 
second during which the pressure is being applied, the rubber 
‘stays put’ ; nor in fact is the amount of deformation in the 
course of the squeezing the deciding factor. If the amount of 
dorormatioii were the criterion, we should expect that a 
rubber would be equated in firmness to a bitumen if the 
elastic modulus of the rubber were numciicaily equal to the 
“i, iscosity of the bitumen, in cases where the time allowed for 
squeezing was one second. This w^ould follow from tlie fact 
that the elastic modulus is defined as the ratio of prcs.surc 
to amount of deformation and the viscosity as It.s ratio to 
mte of deformation which, for a constant pressure, is given 
by the amount of flov/ in one second. 

Proper precautions are, of course, taken to aiiovv for riglit and 
left-liandednsss. 
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In fecf, it is found that only a tliird of a second’s squeezing 
would be needed to give, on the average of raany tests, an 
‘equal firmness’ judgment between such samples. 

It is concluded that the entity by which firmness is judgeil 
ill such cases is neither a distance nor a rate but something 
in between. In comparing complex cheese-like materials 
Vvitli standard rubber cylinders the same thing happens, only 
here time is not as important as is consistency - for cheese 
itself it is about a fifth as importanti' This relative impoitance 
of time - one fifth in this case - has been called the ‘Dis- 
sipation Coefficient’. 

The dissipation coefficient of a cheese-like material can 
be calculated, then, from the massed results of a large num- 
ber of squeezing tests in which the material is compared 
with standard rubbers or bitumens by enough people to 
eliminate the personal factor. But it can also be measured 
by compressing cylinders of the material under constant 
pressure on a machine. As the cylinder compresses, it 
increases in area and the force has to be correspondingly 
increased so that the pressure, which is the force on each 
square centimetre of surface, can remain constant. 

The values of the dissipation coefficients agree excellently 
when measured by these two quite different methods, w'liich 
means that out of all the complexities of ‘firmness’ we have 
evidently found something to satisfy the physicist which is 
independent not only of the observer but of the rncUiod of 
measurement. 

What are these peculiar entities which lie, as it were, bet- 
ween distances and velocities, by which firmness is Judged? 
Their mathematics had been worked out many years ago 
by Heaviside (now' of radio fame), but their inlroduclicm 
into problems of measuring craftsmanship is entirely iiew. 

It has been sugpsted that they are needed in this field for 
rather an interesting reason. For all practical and scientific 
purposes we tell the time by a clock. We say tliat two minutes 
are of equal length because the hand of the clock nwncs 
over equal distances on the dial in those times. But clocks 
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doi'i't all tell exactly the same time. Even the rotations of 
the earth are very gradually slowing dowr*. ¥/lien we say 
'‘slowing down’, we must mean getting slower in relation to 
sometliing else. The final criterion of equality of intervals 
of time is that light, out in open space, takes equal times to 
traverse equal distances, whose equality could be measured, 
in theory at least, by means of a foot rule. On this delinitiiu.? 
depends our concept of constant velocity and, in simpie 
plrysical processes, the properties w^liicii are found to be 
constant, like the viscosity of our bitumen, are built up froiu 
velocities defined in this way. 

But in more complex materials like cheese, clay or dough, 
the natural time scale is not dependent on rays of light, the 
rotations of the earth or the laboratory clock. Still less does 
the craftsman or anyone else handling the materials have a 
Newtonian clock (as it is called) in his brain. Quite other time 
scales are used and, if we insist on translating the results 
into terms of seconds and minutes (as we very rightly do), 
we must expect that our constant ‘properties’ of materials, 
or ‘quasi-properties’, as I prefer to call them, will be found 
to be built up of units which are not exactly distances, 
velocities or accelerations, but lie between these entities. 

The relationships between these new ideas and some of 
the concepts of Relativity, which also modifies Newtonian 
physics, are interesting. 

In conclusion, I would say that I believe this to be tlie 
sort of way in which Science can best fulfil its function. 
From the potter at his wheel to the philosopher at his desk 
stretches one single line of investigation. ‘Pure Science’ is a 
misnomer, since it implies that some science is impure. 
Science in the workshop without its counterpart in the study 
is equally meaningless. Measuring craftsmansliip would 
seem quite eflectiveiy to illustrate the unity of sciciilific 
advance. 


The Hearing of Insects. 

DR GABRIiiLE RABEL 

Physiologists who, guided by an understandable preju- 
dice, searched for ears on the heads of insects, did not find 
any. But, unexpectedly, car-like organs liave been found in 
in.sccts at odd phices. How do these compare with our hunian 

ears?.,"' 

Essential for our sense of hearing are two structures : 
(1) the druni (tympanum), a delicate, tightly-stretched mem- 
brane with a cavity behind it, (2) a long, spiraliy-coilcd tube 
(the cochlea) which contains, attached to it along one edge, 
an extremely delicate ribbon, likewise spirally coiled, made 
up of about 24,000 elastic fibres which gradually decrease 
in length. These fibres are supposed to act like the strings 
of a piano, each responding to a certain tone, the longer 
fibres vibrating to the lower notes. This much quoted 
interpretation was propounded eighty years ago by Helm- 
holtz, but, surprisingly, it has still the scientific status of a 
‘very plausible hypothesis’. 

Now there are a few groups of insects wdiich also have a 
tympanic membrane on either side of their body, v/ith air- 
sacs behind. Grasshoppers, locusts, cicadas and certain 
moths carry them on their first abdominal segment, other 
moths on their thorax, while crickets, and according to some 
waiters, termites, have their ears on the knees of thdr fore- 
legs, Roughly, one can say that those insects which make 
music (as distinct from mere noise) have also an organ to 
receive it. 

But have they anything to fulfil the sound-analysing 
function of the cochlear ribbon? Scientists formerly believed 
they had. For one finds in all insects structures which con- 
sist of parallel elements - elongated spindle-shaped sensory 
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c^ll.s whose axes are prolonged into nerve fibres on the 
central side while on the other side they are in contact with, 
i’le so-called ‘scolopales’ (pointed stakes). On die theory 
that the elongated parallel elements act as chords (strings) 
and liiive a ‘tonus' or tension like strings, these structures 
have been given the name ‘chordotonal organs’, but they 
occur In all insects whether provided with a tympanum or 
iiot and they are no longer regarded as resonators. Yet some 
of them are associated with hearing and Eggers niaintains 
that one can catch tympanal organs in the act of developing 
from chordotonal ones. Certain hairs and other body ap- 
]i€ndages are receptors for low , frequencies transmitted 
through the substrate. Caterpillars and other larvae have 
them too. And there is in a scientific paper a tale of larvre 
who 'were directed in their motions by the chirps of their 
parents. ■ ■ 

That some insects genuinely hear is no longer contested, 
Leydig observed drummers training on the Wiirzburg 
parade ground uproariously supported by a cicada chorus 
iii the vuieyards v/hich stopped when the drummers stopped 
and started again when they did. The entomologist Colle- 
nette was present at a ‘conversation’ between a bird and a 
butterfly, their clicks being quite similar in quality and 
speed. The prompt response of the insect left no doubt 
that it w'ds replying to the bird.’ Musical conversations 
between two mate insect songsters in which they go on for 
liours alternating rhythmically in their notes arc often, des- 
cribed, and a much admired feature in insects is their singing 
in concert. One of the singers may drop out for a while, but 
when he resumes the musical play, he is always in perfect 
synchronism with his fellows. 

There have been endless controversies as to wlietlier 
feniaics are attracted to males by, sound or rather by sight 
or srncil or vibrations transmitted by the substrate, until by 
Inis most ingemoiis experiments with crickets, Johann Regeri 
of Vienna disposed of all alternatives. 

When he put a chirping but invisible male in competition 
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with a visible blit silent one, the visible was unhesitatingly 
by-passed, even if the chirp came- from a distant room over 
the phone. When he switched the current oiT, the iemale 
turned away. When he switched it on, she cams, evej! if ir, 
meant fighting her way over a mountain of- 150 cm. or 
througli high grass. 

Experirhents with artificial imitation of insect song showed 
that male crickets and grasshoppers can be cheated orhy 
when they are new and quite inexperienced. When Ihc}? 
grow older, they immediately stop their duets if a bogu-s 
male takes the place of a real one and tries to chime in in the 
same rhythm. 

But how do insects discriminate between tone qualities 
if they have no sound analysing device such as mammals 
possess? Trying to answer this question, Dr Pumphrey, of 
Cambridge, broke new ground. His answer is : Amplitude 
Modulation. 

Just as bats have applied the ultrasonic echo method since 
time immemorial, insects have operated with amplitude 
modulation long before engineers had any idea of its exist- 
ence. Amplitude modulation comes about W'hen an oscilla- 
tion of constant frequency is interfered with by another, 
perhaps irregular oscillation so that owing to this interfer- 
ence the amplitude varies. In the wireless, a high constaih 
frequency is produced by an electric oscillating circuit, a 
low one by music or speech. What can be the analogy in 
insects? 

Grasshoppers or locusts produce their sounds by drawing 
a toothed ridge called a scraper across the sharp edge of a 
wing. Pumphrey thinks that the constant high frequency is 
given by the natural frequency of the wing, incited to its 
vibrations by the scraper, while the teeth of it provide the 
modulation. Not much work has yet been done to determine 
the frequency of each component. Pumpbrey’s evidence is 
indirect. 

If a mammalian cochlea fitted with suitable electrodes is 
exposed to weli-dcfined sound vibrations, it gives an elec- 
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tricai response corres^iondiug in frequency to the sound 
presented to it. But if an insect tympanum is thus examined, 
a pure tone, even in the range of its maximum sensitivity 
(5-20 kc. p.s.) produces a random electrical response which 
is the same for ail frequencies presented and shows no timc 
paiiern (rhythm) at all. 

When, however, a pure tone of 8,000 cycles p.s. was com- 
bined with a vibration of under 300 c.p.s., the nervous dis- 
charge consisted of bursts of activity which corresponded 
to the lower frequency. There is a striking contrast between 
the behaviour of a human and a locust ear in this case, 
though they are both equally sensitive to 8,000 cycles. If 
the pure high tone is combined with a low-pitched one, man 
hears a trill. But he notices little change if the lower fre- 
quency is widely varied, while he is sensitive to very slight 
variations in the high frequency. The contrary is true for 
the locust, according to the observed electrical responses. 
And this would imply that the insect can readily distinguish 
different modes of using the scraper while it is indifferent 
to the natural frequencies of wings. 

It is a fact that sounds which seem identical to a human 
ear, can be easily distinguished by an insect and vice versa. 
In Regen’s experiments, a virgin female cricket would 
approach a telephone even if the chirp appeared unrecognis- 
ably distorted to a human observer. 

There is a theory that some classes of animals, including 
man, have auditory organs which respond to the pressure 
changes brought about by sound waves, but not to displace- 
ment changes, while for other classes, including insects, the 
contrary is true. In the case of those insects which have 
tympanic organs, the view that what they perceive is dis- 
placement not pressure is confirmed by the fact that these 
organs are capable of discerning the direction from which the 
sound comes. In the case of ants, which have no tympanic 
organs, Autrum confiraied this theory by a very original 
method. Sound was directed vertically downward upon a 
reflecting surface, thereby settine un standing waves. Ants 
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which walked on the reflecting surface were in a reel on o:' 
maximum pressure and minimum displaceirsenf, and siich 
ants did not respond at all to sound. But at a quarter v/ao e 
length from the wall is a region of maximum displacement 
and inisiirnum pressure. When Autriim lifted liis ant 
cylinder which had a wire net at its bottom, into one 
of the regions of maximum displacement, lie noifcixf a 
strong reaction to the sound, a sudden anxiety, fearfiil 
runniog about, and continued restlessness. 

Antrum also examined the sensitivity of longhorn grass- 
hoppers to ultrasonics and found that their tympanal organ 
responded to frequencies up to 90 kc. p.s., even at very’ low 
intensity, 


the Speed of Sound 

PROFESSOR O. G.SUTTO?‘T 

Hitherto the behaviour of bodies moving at very I'tigh 
speeds through the air has been mainly liie concern of li;e 
ballistician, but with the successful development of jst pro- 
pulsion it is now possible to contemplate aircraft sufficiently 
powerful to be capable of reaching and even surpassing the 
speed of sound (about 760 miles per hour at normal tem- 
peratures). Speeds of this order are low for modern artillei^ 
whose projectiles travel steadily and attain high accuracy 
in their flight, and at first sight it is not obvious why it is 
difficult to reach the speed of sound in a piloted aircraft. 

To understand completely what is mvoived in ‘getting 
through the speed of sound’ demands a knowledge of the 
complex and largely mathematical science of aerodynamics. 
It is possible, however,,, to describe in fidrly general terms 
some of the difficulties involved, and the subject can be 
clarified by the use of a simple analogy which, is, in fact, 
more exact than might appear at first. 

To begin with, the motion of an aircraft wing o.r ether 
supporting surface creates a force due to the resistance of 
the air, and as long ago as 1809 Sir George Cayley, one of 
the pioneer English workers in this field, aecuTatciy des- 
cribed the problem of mechamcal flight as that of ‘making a 
surface support a v/eight by the application of power to the 
resistance of the air’. In aerodynamics it is costomary to 
resolve the reaction of the air on a surface .into two com- 
ponents, namely lift, which is that part of the force acting 
upwards at right angles to the surface, and Is thus desirable, 
and drag, which is the component at right angles to fne lift 
and which constitutes a loss since it resists the forward 
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niotion of the surface tiirough the air. An aerofoil, such as u 
mug or tail fio, is simpiy a surface of special sliapc which on 
being propelled through the air produces in ceitaiii condi- 
iions considerably more lift than drag. The problem of higli 
-need flight is largely that of producing an assembly of such 
surfaces which can be relied upon to maintain a high lift /drag 
and to remain stable in the exacting conditions nict 
with as the speed approaches that of sound. 

Drag 

We commence by considering liow' drag, which represents 
ericrgy wasted, changes with increasing speed. This is most 
simply done by comparison with the cooling of a hot body. 
Such a body loses heat (i.e. energy) in three ways - by con- 
duction, convection and radiation. In the same way a body 
moving through air loses energy by skin friction (analogous 
to conduction), eddy formation (analogous to convection) 
and wave formation (analogous to radiation). 

Skin Friction 

Heat is conducted from a body by the molecules of air 
coming into contact with the hot surface and acquiring 
additional energy of vibration which is manifested as a rise 
of temperature in the layers of air near the surface. In the 
same way molecules of air adhere to the surface of a moving 
body and thus acquire from it energy of motion. This effect 
is called viscosity and acts in a very thin layer eiivelojflog 
the body ~ the so-called boundary-layer of modern aero- 
dynamics. This type of resistance occurs with all moving 
bodies and can only be reduced by making the exposed 
surface very smooth, 

Eddy Formation 

When a body with a sharply truncated tail (such as a shell) 
moves thi'oiigli the atmosphere at a moderate speed it is 
observed that the air flows smoothly around it until the tail 
is reached. At this point the stream is unable to make the 
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,fi:irp turn required to get round the corner and the flow 
separates, forming a well-defined wake. In the wake masses 
of air coil themselves up into vortices or eddies, detach 
themselves from the body and drift away downstream. This 
is analogous to what happens with convection from a hoi: 
body when masses of warm air rise bodily from the surface 
and carry away heat to other regions. In the case of the 
moving body there are of course no corresponding difter- 
er,ess in density, but the swirling eddies left behind in the 
Wilke have robbed the moving body of some of its en.ergy 
to feed their own motion, and this is felt as an increased 
resistance, known as. /bm r/rag. 

If the tail is carefully tapered it is possible to prevent 
violent separation and so to avoid most of this loss, and 
bodies designed in this way are called streamlined. A stream- 
iined body is, in fact, simply a body whose form drag is small 
compared with its skin friction - in other words, a body 
which leaves behind it only a small wake. At these speeds 
the importance to be attached to skin friction thus depends 
on the magnitude of the form drag; in a modern aircraft, 
for example, form drag is so small that it is worth while 
taking pains to get a smooth surface everywhere, but a 
iugh polish on the body of a car is a matter of pride to the 
owner and no more, 

V/ave Formation 

The two types of resistance described above make up the 
entire drag* at speeds which are well below that of sound, 
and at these speeds the shape of the tail is more important 
than that of the head in designing a body of low resistance. 
As die speed of the body approaches that of sound, however, 
an entirely new phenomenon appears, which is akin to 
radiation in that it involves wave motion. Radiation from 
j. hot body is usually unimportant at low temperatures, and 
birnilariy wave formation by a moving body does not really 

For cm aerofoil it is necessary to introduce also the induced drag, 
i.o. the part of the total resistance which depends entirely on the lift. 
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begin to beccnie important until the velocity is at least iwo- 
thirds that of sound (about 500 miles per hour at normal 
temperatures). 

It is not at first obvious why the speed of sound sliouki 
enter, but the reason becomes clearer when it is reuiised 
that at low speeds tlie air meeting the nose of the body is 
not aippreciaky compressed and made more dense but is 
deflected aside, something like a good-natured crow'd giving 
way to a slowly moving car. At higher speeds the air near 
the body has, crudely speaking, no chance to get out of ihe 
w'ay and is compressed. When such sudden compression 
takes place the air near the body responds by passing on the 
blow and the disturbance is propagated throughout the fluid 
as a wave, consisting of a succession of condensations and 
rarefactions. If the disturbance is small the result is an 
ordinary sound wave, but if the blow is severe, such as occurs 
with a massive body rushing rapidly 'through the air or with 
ah explosion, the result is a definite atmospheric discon- 
tinuity called a shock, wave w'hich travels initially with a 
speed somewhat greater than that of sound. As it moves, 
the shock wave continuously loses energy and slows down, 
ultimately degenerating into an ordinary sound wave. 

Thus in the case of an aircraft or a projectile moving at a 
speed just below that of sound the air at the nose is com- 
pressed and a spherical v/ave front rushes ahead, the whole 
disturbance growing like a soap bubble. With increasing 
speed the body approaches nearer and nearer to tlie wave 
front until ultimately it catches it up and thereafter tJie wave 
remains attached to the nose and is carried along with i(, 
forming a w-ell-defined cone with its apex at the nose. These 
wave fronts are extremely sharp - it can be shown mathe- 
matically that the region of highly-compressed air is usually 
not more than a small fraction of an inch in thickness - arid 
they therefore photograph well (see plate 45) and even (as 
happened during the bombardment of London by V-weap- 
ons) have been seen, by favourably-placed observers, as a thin 
curved line rising from the scene of a distant explosion. 
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Compressibility 

Phenomena of this sort are said to be due to compress ibi I fry 
and give rise to wliat is. known in ballistics as "head resis- 
tance’ and in aerodynamics as wave drag. Becaisse of their 
importance in gunnery the effects of such wave formation 
Oil resistance are now v^^ell established. In the narroi'.’ zone 
of speed known as tJie transonic region (between about 600 
and 800 miles per hour at normal temperatures) the resist- 
ance changes extremely rapidly with velocity, suddenly 
shooting up to a high value and then, rather more slowly, 
steadying down to a more gradual rate of increase as the speed 
becomes highly supersonic. This sudden jump in resistance 
indicates the extra energy used in compressing and setting 
ill motion the air to form the system of shock waves at the 
nose and other parts of the body. At these high speeds the 
shape of the head becomes of considerable importance and 
with a high velocity shell most of the energy lost in over- 
coming air resistance is ‘radiated’ away in shock waves. 
This is in sharp contrast to what happens at lower speeds 
when the main loss of energy is associated with the forma- 
tion of eddies in the wake. Figure 1 shows diagrammaticaliy 
these various sources of loss. 



Figure i — Sources of resistance on a moving bocK- : 

(a) boundary layer (skin friction) ; 

(b) wake (eddy formation) ; 

<c) shock waves (wave resistance). 

Shock waves may'also form at other points on the body. 
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The Mechanism of Lift 

We now consider the other - and useful - part of the re- 
action of the air, namely the lift force which actually causes 
an aircraft to lly. At subsonic speeds lift can riov/ be said to 
be well understood, thanks chiefly to the pioneer work of 
F. W. Lanchester in the early years of this century. Like 
form drag it is connected v/ith rotary motion or circulation 
in the air, but now in a well ordered form. 

When an aircraft takes off, its aerofoil supporting siul'aces 
start moving through the air at a small angle to the hori- 
zontal, and almost the first thing that happens is that each 
wing sheds an eddy (called the ‘starting vortex") at the rear 
edge. The reaction to this vortex causes circulation around 
the aerofoil with the result that the air moves more rapidly 
over the upper cambered side than over the lower flat side. 
By Bernoulli’s theorem this causes decreased pressure on 
the upper surface and increased pressure on the lower 
surface, so that the wings are both ‘sucked’ and ‘pushed’ 
upwards, thus giving the necessary force to make the heavy 
machine rise. As the angle of incidence increases, the lift 
also increases and the aircraft is able to climb, but if the 
tilt is made too large the flow on the upper surface separates 
and eddies are formed, resulting in a sharp drop in lifting 
power. When this happens the aircraft is said to stall 
So far we have only considered speeds at which the effects 
of compressibility are too small to be of importance, but 
as the speed of the air-flow over the wing approaches that 
of sound a new phenomenon appears. The pilot is able to 
increase or decrease the lift by altering the angle of incidence 
and at the lower speeds the rate of change of lift with inci- 
dence is usually fairly constant, but near the speed of sound 
this rate of change suddenly drops to a very low value to- 
gether with a large decrease in lift itself. In this critical 
region of speed the pilot is thus faced not only with a rapid 
rise in resistance but also with a sudden loss of lift and 
control, a phenomenon known as shock stall. There are also 
other disturbing effects, making it difficult for the aircraft 
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to remain on an even keel (chiefly due to the fact that iiow 
conditions are not exactly the same over the wings and tail 
planes) so that, taken altogether, the dangers of high speed 
flight arc not difficult to imagine. 

The Mach Number 

At this point it becomes necessary to introduce a concept of 
major importance in the dynamics of high-speed flow. It 
can be shown by faii'ly simple considerations that all phen.- 
omena at high speeds depend not on the absolute velocity of 
the body but on the so-csdled Mach number which is the 
ratio of the air speed to the velocity of sound. (That is, a 
Mach number less than unity indicates a subsonic speed and 
one greater than unity, supersonic speed. The transonic 
region covers, very roughly, the range of Mach numbers 
between about 0.75 and 1.1). Since the velocity of sound 
changes quite considerably with air temperature, the Mach 
number depends not only on the aircraft speed but also on 
the height, the season and the locality of the flight. 

The phenomenon which \ve have been discussing first 
appears at a certain Mach number known as the critical 
Mach number, whose exact value depends upon a number 
of factors, There is also some evidence that if the speed is 
liigh enough matters become easier again, so that there may 
be an upper as well as a lower critical Mach number, or in 
other words, safety lies in keeping well away from the trans- 
onic region of speed. 

The Design of High-Speed Aircraft 
it is an unfortunate fact for the understanding of high" 
speed flight that not only is the mathematical theory of 
fluid motion at these velocities extremely difficult and only 
partially developed, but also that phenomena at high 
velocities are often quite contrary to what experience at 
cvery-day speeds would leaddne to expect. (One of the most 
striking examples of this is that whereas at low speeds, as 
\ve have seen, a fluid cannot easily turn a sharp corner 
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without the flow separating and forming eddie.s, at super- 
sonic speeds there are apparently no such difncnilies and the 
fluid is able to get around quite smoothly). If however, : 
certain facts of compressible flow theory are accepted it is 
possible to explain in a short space some, at least, of the 
factors which influence the design of high-speed aircraft. 

To attain very high velocities in a practicable aircraft it is 
obvious that wave drag must be reduced to a minimum. At 
low speeds the drag of a wing is not greatly affected by its 
thickness (up to a limit) but the wave drag of a wing moving 
at high speeds is proportional to the square of the thickness 
plus a terra proportional to the square of the lift. This means j 

tiiat supersonic aircraft should have thin low lift wings, I 

requirements that conflict with other demands for great ' 
structural strength and considerable weight-carrying power. ; 

The necessity of keeping the flow over the wings below the i 
critical Mach number has meant a considerable change in 
the shape of aircraft. As we have seen, the lift/drag ratio I 
collapses very rapidly once the Mach number M reaches I 
the critical value (say M==0.75). In its simplest form the j 
mathematical theory indicates that the velocity which | 
matters in calculating the effective Mach number for the ^ 
wing is the component of the speed perpendicular to the | 
leading edge. With straight wings, this velocity is obviously j 
the same as the forward speed of the aircraft, but if the wings ' 

are given a certain amount of sweepback (Fig, 2), the velocity 
perpendicular to the leading edge will be only a fraction of 
the forward velocity. On this simple theory, as indicated by 
Biisemann in 1935, if is the Mach number for the aircraft 
as a whole, the effective Mach number for the wing will be 
MoCosO, where 0 is the angle of sweepback. This means 
that Mo itself may be above the critical value with the clTeci- 
ive Mach number for the wing still safely below the critical, 
or in other words, the use of swept-back wings raises the 
critical Mach number for the aircraft and allows the higher , 
speeds to be reached without the danger of shock stall. I 

Tlie more exact theory shows that the advantage is not f 
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!’ cos 0 - velocity of air flovv” perpendicular to the leading edge of 
. the wings,. 

cjuiie as great as indicated by the simple cosine law given 
a bo'.'c, and there are also certain compensating disadvantages 
introduced by sweepback, but the net eh'ecl is midoubtedly 
bcp.ehcial. There are also other variants ofThc idea, notably 
tlte ‘■delta’ or triangular wing, but the discussion of these is 
beyond the scope of the present, article. 
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Conclusions 

Prophecy in scientific matters is perhaps only slightly less 
hazardous than in other fields of human activity, but it 
seems highly probable that safe supersonic iliglit he 
attained and may even become commonplace isi the next 
decade or two. Simultaneously, it is likely tl at designers 
will turn their attention more and more to the “Hying wing' 
type of aircraft (see plates 44 and 46) and a relatively few 
years may see the disappearance of the conventional fuselage 
and taii. On the purely theoretical side progress is more 
difficult to foreshadow, but the considerable advances made 
in recent years by Taylor and Maecoll in this country and 
by Karman and Moore in America on the wave resistarice 
of projectiles are encouraging signs. 

Postscript 

The non-specialist reader who wishes to know more of these 
matters may find this difficult ; the writer does not know of 
any simple and non-technical but accurate account of liigh- 
speed flow which includes the latest advances. For the 
reader with a knowledge of mathematics the best general 
statement of the present position is undoubtedly that given 
by Karman in the 10th Wright Brothers Lecture to the 
Institute of Aeronautical Sciences and printed in the Journal 
of Aeronautical Sciences Vol. 14, No. 7 (July 1947), but to 
follow this account demands a considerable knowledge of 
aerodynamics. 


Research Report 

A..W.HASLETT-. 

: Southern Stars ' ' ''V; 

.The wliole^ of ^stellar astronomy is 'based on:.a' .■verydiiiiitec!' 
r/dmber of possible kinds of measiirement. The most obvious 
is measereracnt of position. This is the foundation of naviga- 
tional astronomy, and was implicit in the invention of the 
calendar. The next oldest is mea surement of apparent bright^ 
ness. This is due to Hipparchus of Nicaea who, about 130 
B.C., built an observatory at Riiodes, and made observations 
Oil about 1,000 bright stars which could be seen with the 
naked eye from the latitude of the Mediterranean. It is a 
type of knowledge which is normally taken for granted, but 
which enters directly into many of the more abstruse deduc- 
tions which can now be made about the physical state of 
stars. Together with measurements or estimates of distance, 
it enables the absolute or true brightness of stars to be cal- 
culated, and this in turn ties in with the detailed analysis of 
the radiation emitted by stars, which the spectrograph makes 
possible- For example, the accepted classification of stars is 
based on a comparison of absolute brightness and spectral 
type. There is also a ‘law’, due to Sir Arthur Eddington, 
■which enables the mass of a star to be deduced from its 
brightness. It follows that measurements of apparent 
brightness, which astronomers as w^ell as laymen are apt to 
take for granted, occupy a key position in the whole struc- 
ture.' . 

Such is the background to a major and long-term under- 
taking on w'hich Dr R. H. Stoyi, Gfaief Assistant at the Royal 
Observatory, Cape of Good Hope, has lately reported to the 
Royal Astronomical Society. What is being done is nothing 
less than to determine the apparent magnitude or bright- 
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ness of 75,000 southern hemisphere stars, and to link these 
tlirough further observations at Cambridge with the stand- 
ard series of stars in the neighbourhood of the North Pole 
to which all measurements of stellar brightness are referred. 
Also, because of this new and more accurate joining-up 
between northern and southern stars, the way will be paved 
for the extension of the work by other southern observato- 
ries - besides, possibly, leading to some apparently very 
necessary re-examination of existing northern hemisphere 
observations. It is quoted here as an example of a humdrum 
but essential type of astronomy of which little is normally 
heard. 

The method of classification traces directly from that first 
introduced by Hipparchus. He began by describing the 
brightest stars which he knew as being of ‘the first magni- 
tude’. Stars of the next step down in brightness which he 
could recognise he called ‘second magnitude’, and so on 
down to the faintest which he described as ‘sixth magni- 
tude’. Rough and ready though it was, the system which he 
introduced has survived, with necessary modification, owing 
to the chance circumstance that the eye responds equally to 
equal proportionate increases in brightness over quite a 
wide range of light intensity. It was found later that his 
scale of magnitudes corresponded roughly to increases of 
2.5 times in apparent brightness, and the modern scale is 
still very close to this figure. It has been so chosen that a 
hundredfold increase in brightness corresponds with five 
steps in magnitude - which gives a brightness increase for 
one magnitude of 2.512. But, as already indicated, the final 
reference is to a sequence of standard stars, near the north 
pole, which are internationally recognised for the purpose. 

The present programme at the Cape was due in the first 
instance to Sir Harold Spencer Jones, now Astronomer 
Royal at Greenwich, but formerly H.M. Astronomer at the 
Cape of Good Hope. A serious start was made in 1938, and 
on the main work of inter-comparison 25,000 out of the 
original 75,000 stars have now been covered. On the other 



hiind, various special additions to the originai jn-op,run)ir:t' 
have added about another 45,000 to those on which nicasui 
nients arc to be made. For ‘joining up’, the original ijhcalicii 
was to make use of previous brightness detennimU iOiis on 
equatoriai stars, which can be observed from bold hcn.ii- 
spheres. In practice, it has been found that no scquciico oi' 
jiltennediate stars is available, of which the bright nesr, t-. 
known with great enough accuracy to serve as the necessary 
link. The task of linking up is therefore being undertaken 
by Prof. R. O. Redman who, while at the Radcliih^ Observa- 
tory, Pretoria, had already co-operated with the Cape 
Observatory in working out a series of southern standard 
stars which provide the immediate reference for the wjiole 
Cape observations. He has lately taken over the direction of 
both the university observatory and the solar physics 
observatory at Cambridge; and he has agreed to complete, 
at Cambridge, the necessary linking up with the north polar 
sequence of international standard stars. This will probably 
take about two years ; but, when completed will be applic- 
able via the Cape to all stars visible in the southern hemi- 
sphere. 

(Stoy. Monthly Notices Royal Astronomical Society, in the press.) 

X~ray Progress 

Procedure for the generation of X-rays of any specified 
energy is to accelerate a beam of electrons to the nxpiii oa 
energy, and then stop it by allowing the electrons to hil a 
metal target. In Science News V, it Was stated that the 
Telecommunications Research Establishment at Malvern 
had attained the distinction of being the first laboratory in 
ihe world to make a ‘Synchrotron’ work - a ‘synchro! roif 
being one possible engineering device for the acccleralicm 
of electrons - and that a larger piece of equipment capable 
of produemg 30 million volt X-rays had been di,;signed. 
Several new pieces of information can now be added. One 
is that two production equipments to this design are being 
built for the Medical Research Council. They are to be 
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installed in Cambridge and at the Cancer Hospital, London, 
respectively - a disposition which will ensure that both IJie 
bioioglcal and the medical effects are adequately examined. 
The- second is that a ‘synchrotron’ capable of accelerating 
electrons, not to 30 million volts, but to 140 mlllioa volts, k 
being built by the same firm for the Clarendon Laboratory, 
Oxford, Finally, the Telecommunications Research Estab- 
lishment, v/hich first made the ‘synchrotron’ work, has agaiji 
demonstrated its technical competence by a similar success 
with a quite different type of equipment. In this, kiiovru as 
the linear accelerator, the electrons are accelerated by tlie 
very simple method of allowing them to travel down a metat 
tube in the company of centimetre radio-waves. The idea, 
certainly, has been common talk amongst physicists ever ! 
since the v/artime development of practical and compact 
radio transmitters working on these very high frequencies. I 
But, again, it is to the credit of the Malvern establishnient i 

that they should have made the idea work. It is not just a j 

case of ‘injecting’ a beam of electrons into any metal tube 
down wiiich' radio waves happen to be travelling; but of 
providing precisely calculated conditions such that electrons 
and radio waves will travel together and in step. In the first ' i 
section of the Malvern equipment to be completed, electrons ; 
have been ‘injected’ into such a tube at the comparatively 
modest energy of 45,000 volts, and have been accelerated to I 
the equivalent of 538,000 volts^ This compares with a design = 
figure of 540,000 volts. The .significance of this close agree- 
ment is that the 40-centimetres length of tube, or wave- 
guide, v/hich has so far been used, is only the. first section 
of a very much longer accelerator. When complete this will 
be some 20 metres in length; and, with the same radio 
output, the electrons should be accelerated roughly in pro- • 
portion. With the single section, so far tested, less than 2% of 
the energy of the radio transmitter was transferred to the elec- 
tron beam, the remainder being wasted. With the full pro- 
jected length, it is calculated that an efficiency of 80% could 
be secured. It is felt by physicists . that some such approach | 



offers the most economical method of attaining the highest 
energies, and this may also be true at the level of 3()-5u 
miiiion volts in which doctors are chiefly intefcst'..d. I'cst. 
whichever the final method, the Medical Research Councirs 
two ‘synchrotrons’ will not have been wasted, since Ifie 
immediate need is for experience at these greatly increased 
energies. For this purpose the method of production cjf Ihe 
X-rays is immaterial., while the ‘synchrotron’ has tiH- 
practical advantage of being relatively conij^act, 

(Fry, Pv. S. Harvie, Mullet and VValkinshaw, 1947, Ite), 35 i.) 

History of the Earth 

One more has been added to the series of shocks which phys- 
ics from time to time administers to physical geology. The 
first was Lord Kelvin’s famous calculation, ba.sed on the 
known facts of heat conduction, and cooling by radiation, 
that the earth’s crust would have been too hot to permit t!ic 
Ibrmation of oceans at any period before about 40 miiiion 
years ago. This was on the supposition - later proved false 
by the discovery of radio-activity - that the earth corita5.ned 
no source of heat within itself which could make good in 
part the inevitable loss of heat by radiation from the surface. 
The latest such shock is due to the realisation that railio- 
active potassium must, in the past, have made a very much 
bigger contribution to the earth’s heat output than, cither 
uranium or thorium. It has been administered by F. Cliud 
iisch and T. Graf of the University of Oslo, and it iiDord'; 
quite a salutary demonstration of the dilliculties ail:K'.hc.;i 
to any calculation wliich seeks to determine condlfions in 
the remote past from those prevailing at the present time. 
The change, compared with previous calculations, is iluc to 
the fact that whereas both uranium and thorium bicak down 
at a relatively slow rate, even compared with the fnil- 
lion yeans’ estimated lifetime of the earth, radi<>-|)ota,s.siuni 
breaks down considerably more quickly. The elFect, vvf>rluny 
backwards in time, is naturally cumulative, li' liraniom and 
thorium had been the only significant sources of heat withoi 



ihc earth, the rate of release would at no time have been 
more than about half as great as it now is. But to account 
for the present surviving proportion of radio-potassium (in 
round figures one in every 10,000 potassium atoms) it is 
necessary to suppose that the initial supply must have been 
1,000 times as great. This in turn leads to the conclusion 
that the release of heat from radio-potassium must have 
been 200 times greater than from uranium and thorium 
combined. The full implications to geology of these rather 
startling readjustments must take time to assess. Wliat is 
more worth while to point out is that this very big increase 
in the estimated contribution of radio-potassium has been 
brought about by two comparatively small, if overdue, 
revisions in the numerical values obtained in some labora- 
tory experiments in 1934. One is that the energy released in 
the breakdown of a single atom of radio-potassium has 
been increased by a factor of seven or eight. The second, 
and more important, is that the rate of breakdown of radio- 
potassium atoms has been increased by a factor of about 
three. Yet if these considerable, but hardly spectacular, 
alterations are applied cumulatively over a period of 2,400 
million years - the length of time to which the calculations 
refer - they lead to figures of a quite different order from 
those previously quoted. U should perhaps be added that the 
various methods by which the age of the earth has been 
estimated are not affected by these considerations ; and that, 
in view of their importance to geo-physics, an independent 
check of the present revised figures for radio-potassium is 
clearly desirable. 

(Gladitsch and Graf, Physical Review, 1947, 72, 640.) 

Submarine Gravity 

The use of submarines for the making of gravity surveys 
beneath the sea is due to Prof. Veiling Meiiiesz of Holland, 
who also designed the first gravity meter sufficiently sensitive 
and stable to be usefully employed under such conditions. 
He applied the method, during a series of prolonged trips 


in a Dutch submarine, to measure gravity anomalies in 
the areas both of the East and the West Indies, and drew 
some Gondusions about the probable growth of new 
mountain chains beneath the sea. Shortly before the time 
of Munich, the Department of Geodesy and Geophysics at 
Cambridge University drew up plans for a more limited 
investigation of conditions round the edge of the ‘contin- 
ental shelf’ which separates Europe proper from the 
Atlantic. The Admiralty agreed to provide a submarijie, 
and the expedition was planned, and even begun, in 1938. 
But within 36 hours of leaving port, the Munich crisis 
developed, and the submarine was recalled. Further plans 
were held up until August, 1946, when the submarine 
Tudor was made available for the resumed expedi- 
tion, and still more lately a preliminary report has been 
issued. - 

Previous information was that, whereas sediments carried 
out to sea by rain and rivers had resulted in a relatively 
level surface to the sea bed immediately round Europe, 
drooping only slowly towards the edge of the ‘shelf’, the 
underlying basement rocks fell away more rapidly, so that 
near the edge of the ‘shelf’ the thickness of sediments might 
reach many thousands of feet. This was established by Prof. 
M. Ewing for the eastern seaboard of the United States, and 
by Dr E. C. Bullard of Cambridge for the mouth of tlie 
English Channel. The supposition, which remained un- 
proved, was that the growing weight of sediment, driven 
outwards from the land by the action of tlie tides, had caused 
the basement rocks to sink more deeply into the semi-rooltcn 
layer beneath, further sediment being again deposited at the 
lower level. The theory, in short, was that the level of the 
basement rocks was determined by gravitational equili- 
brium. The object of the H.M.S. Tudor expedition was to 
test this theory by measurements of the intensity of gravity 
towards the edge of the ‘shelf’. Four different areas were 
examined, and in three of them measurements and theory 
were in almost perfect agreement. These were off the mouth 
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of the English Channel, and to the west of Ireland and 
Scotland respectively. In each case equilibrium had beer; 
maintained; and it appeared that, without sediment, the 
original depth of the basement rock would have been about 
half as great as it now is. That, therefore, was the extent 
of sinking. Only the fourth area, the Bay of Bisca}', was not 
in equilibrium. Anomalies here were attributed to horizentai 
pressure connected with the coastal ranges. 

(Browne, Observatory, 1947, 67, 173.) 

The Heart in Starvation 

It is no secret that the experience of doctors and research 
teams, both in occupied Europe and in the rehabilitation 
of those who had been in Japanese prisoner-of-war camps, 
resulted in a good deal of new information about the be- 
haviour of the body under near-starvation conditions, and 
also during rehabilitation. In addition, many of the results 
are now available of an experiment which w^as carried out 
in the Laboratory of Physiological Hygiene of the University 
of Minnesota, with fit young Americans as volunteer 
subjects. 

The most general point which has emerged is that the 
body can balance food intake and energy consumption at a 
considerably lower level than had before been realised, and 
when this position has been reached no further loss of weight 
takes place. Loss of weight in itself reduces the amount of 
fuel - from food or fat reserves - which must be ‘burnt’ to 
maintain normal bodily processes. In addition, the individ- 
ual learns to keep his avoidable output of muscular energy 
to the lowest level possible. Both factors help towards the 
attainment of a new balance, and both in the Minnesota 
experiment and in the Hong Kong civilian internment camp 
this was reached when weight had fallen by one quarter 
from its original level. Equally, it was found during rehab- 
ilitation that time was needed for a normal balance of 
chemical activity to be re-established. Professor Beattie, for 
example, of the Royal College of Surgeons, has pointed out 


that during ths first stages, of rehabilitation, practically the 
is iiale of the protein eaten as food, which one would norm- 
I ally expect to be largely utilised in tissue replaceinc-nt and 
'hulidiiig up’, was in fact burnt as "fuel’ - even aithoiigii 
enough Calories to meet energy requirements were being 
, otherwise supplied. 

The most detailed and interesting findings are, liowever, 

^ those at Minnesota on the response of the heart. The 
^ triidiiionai assumption in the past lias been that, during 
ilarvation or near-starvation, the heart and other vital 
organs were "protected’ from damage for as long as a. 

I a.ecessary minimum of nourishment was available. The 

I experience of the 32 fit young men who went through the 

? Minnesota experiment shows clearly tliat this is not the 

case. The outline of the test was that they were observed, 
first through three months of normal diet, during which 
, period they required on the average 3,200 Calories for energy 

I balance; then for six months with a food intake of 1,700 

.j Calories, by which time they had lost 24% of their original 

weight ; and finally, during rehabilitation, for three months 
oi‘ controlied diet, and a further five during which they could 
eat what they liked. X-ray photographs, taken from diiferent 
angles, were used to record the physical volume of the heart 
at ail stages, and other measurements enabled the output 
of work by the heart to be calculated. It was found that, 

^ when adjustment to semi-starvation had been completed, 
the volume of the heart had been reduced by 16%, the niim- 
ter ef strokes per minute by 32%, and the heart’s output of 
I p;iysicai work by as much as 49%. Also, the margin of safety 
1. represented by unused oxygen, still left in the blood after 

f circulation, had been brought down by one half. With such 

i orastic changes, a quick return to normal would scarcely be 
expected. In practice, three months of controlled, feeding 
sufficed only to get the heart nearly, but not quite back to 
itormal in size, with practically no improvement in its 
capacity for v/ork. Nor did the inclusion of extra vitamins 
I and protein in the diet make any noticeable difference. By 


the end of five months, of which the last two had been on 
unlimited diet, the heart size was slightly greater than it had 
been originally, but capacity for work was still 10% below 
normal and only half of the lost margin of oxygen safety 
had been made good. Finally, at the end of 32 weeks, only 
very slight signs of abnormality could be detected. 

Climate and Food 

Evidence suggesting that dietary preferences are automatic- 
ally adjusted to suit climatic conditions has been obtained 
at the Medical Clinic of the University of Pecs, Hungary. 
The basis of the experiment was to offer diherent groups of 
mice the choice of three different food mixtures at three 
different temperatures. Each food mixture was composed as 
to one-third of a standard mixture, which provided in itself 
the whole of the accessory factors needed for health, while 
the remaining two-thirds was either starch, milk protein 
(casein) or fat. The mice were free to eat as they chose, and 
at normal room temperature took roughly two-thirds of 
their total calories from the fatty food mixture. The main 
comparison was, however, between their feeding habits at 
moderately low temperatures (50-52 degi'ees F.) and ap- 
proximately tropical conditions (84-91 degrees F.). The 
interest of the experiment was that, although differences in 
total consumption ranged from about 20 to about 40%, in 
all cases practically the whole difference was due to an in- 
crease or decrease in consumption of starch, the amount of 
protein and fat eaten remaining approximately constant under 
all conditions. The mice, in other words, did precisely as any 
dietetic expert would have advised - taking as much protein 
and fat as they needed, and then using starch as a ‘buffer' 
to make up the balance of their calorie requirements. A 
generation ago, ‘instinct’ would no doubt have been put 
forward as the explanation. Today, some form of chemical 
control appears more plausible. And since the activity of 
the thyroid gland may increase as much as thrcc-fold at 
low temperatures, it is suggested that it is through the 
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thyroid glaad that food tastes are thus regulated. But, 
although the experimental facts appear clear enough, it 
should be pointed out that the suggested explanation is no 
more than a speculation. 

(Donhoffer and Vonotzky, American Journal of Physiology, 1947? 
150, 329.) 

Control of the Tsetse Fly 

Control of the mosquito and the locust having been proved 
practicable, hopes have naturally been aroused that tiie 
even more difficult and equally important problem of the 
isetse fly would also be solved. As the carrier of nagana 
disease of cattle, this is generally regarded as the most 
serious remaining brake on the future progress and develop- 
ment of tropical Africa. Exceptional interest was therefore 
taken in a recent film demonstration by Dr P. J. du Toit, 
Director of the Union of South Africa Veterinary Service, of 
the use of D.D.T. from the air against the tsetse fly. 

D.D.T. was first tried in the form of a liquid emulsion, 
sprayed from the air. Thus used, it was shown by fly-trap 
counts to reduce the tsetse fly population in the proportion 
of 9,000 to 600 three months after treatment. This was a big 
improvement, but not enough to achieve the intended pur- 
pose of local eradication. To get better results, it was 
realised, it would.be necessary to get the D.D.T. to tils' 
underside of the foliage, where the fly chiefly sheltered. 
Further experiments were therefore carried out in which the 
heat of the engine was used to vaporise the D.D.T., and 
the insecticide ejected from the aircraft as a fine smoke. 
With iliis treatment' the fly population in the same area was 
further reduced in the proportion of 6G0 to 3- so that the 
overall reduction was now about 3,000 to one. 

Procedure is for aircraft to fly at a height of between 50 
and 75 feet - little more than tree-top height - anti in arrow- 
head formation. Each aircraft can cover a strip of 70 yards 
in width, and a flight of six aircraft has been used. It has 
been found that the slight breeze of early morning helps to 


carry the resulting smoke blanket in under the 4^ree3, But by 
ordinary standards conditions must be calm. Practice so far 
b.as been to make six successive flights at fortnightly inter- 
vals, and to treat residual fly patches with smoke generators 
carried by hand through the bush and operated from die 
ground. Cost is estimated at 1 8s. per acre - small enough, 
certainly, in relation to farming output, but large when 
multiplied by the total acreage of tropical Africa. 

Fortunately for Dr du Toil, the Union problem with 
which he is immediately concerned can be treated in isoiation 
from the wider one of tropical Africa. In place of almost 
unlimited areas, he has to deal with about 1,000 square 
miles of active infestation, split up into some three diffewnt 
areas, all in Zuluiand, and a further perhaps 4,000 square 
miles of potential infestation. Also, between the most 
northerly of these Zuluiand areas and the main belt stretch- 
ing from east to v/est across the whole breadth of Africa, 
there is a gap of about 200 miles in which no tsetse have 
been found in recent years. The aim, therefore, is complete 
eradication within these comparatively limited areas, and 
for this purpose the cost of the air treatment which has been 
tried Nvould not be -unreasonable. For the moment, treated 
areas are being ‘sealed’ by the total removal of all bush 
within a two-miJes belt, and a watch is being kept to see 
what happens to the small remaining fly population. It was 
possible, Dr du Toil thought, that natural enemies would 
do the rest - but not all his audience felt the same optimism. 

Of the other possible methods of control which have been 
attempted, game extermination has aroused the greatest 
controversy.' The basis for it is the supposition that tsetse 
fly (of which, incidentally, there are twenty different species) 
can obtain nourishment from wild game as well as from 
cattle. It is commonly believed, therefore - and with some 
reason - that wild game act as a reservoir both of the fly 
and of the nagana disease which the fly carries, ft has been 
pointed out, hov/ever, that further research is needed to 
establish the contribution made by different gaine species, 


and fhat there is no case on scientific grounds for the in- 
discriminate slaughter of all alike. 

Prof. P, A. Buxton of the London School of H3''giene and 
Tropical Medicine, who presided at Dr du Toil’s film 
demonstration, drew attention also to the fact that in East 
Africa selective clearing of as little as five per cent of the 
b’usli liad been enough to bring about complete local eliin- 
illation of the fly. The difficulty is that since local conditions 
naturally vary, and that over quite small areas, a series ni' 
detailed studies by ‘fly-minded’' investigators would bo 
necessary. SirniJarly, under the savannah conditiofis of 
Northerao. Nigeria, v/here during the hot season the tsetse 
fly barely survives, a relatively small amount of clearai’ice 
can produce big results. The feeling of the meeting was that, 
although no single method is likely to solve the whole 
problem, Dr du Toit’s smoke-spray attack is ‘well wcith 
trying under as many conditions as possible’. 

Midge investigation 

Nearer home, the Universities of Glasgow and St Andrews 
have lately coj-nbi ned to begin a seven-j'ears’ investigation 
of the midge, the activities of wliich have been more taken 
for granted than studied. The fact, hov'sver, is that midge ; 
infestation could be a serious handicap to the development , 
of much of the western Highlands, and that comparatively 
little is knovm about its biology. This £ipplies botli to the 
distribution of species, of which soine thirty are recognised, 
although most of the human biting is attributed to one, and 
to the life-cycle and habits of the insects. For example, 
although the adult insect can be kepi alive for up to two 
months in the laboratory with access to carbohydrate food, 
it is not known whether under natural conditions the de- 
veloped insect takes any further food than the [flood meal 
needed by the female for the development of her eggs. 
Little is known eitlier about the conditions under which 
eggs are laid, although damp soil is thought to be ‘probable’. 
A hutted laboratory has been established, as a centre for 



field studies, at Rossdhu, Loch Lomond, and various 
laboratory investigations are being carried out in the Uni- 
versity of St Andrews. 

Embryo Niitritiun 

Increased use is being made of the radio-active tracer 
method of studying the developing embryo. It is particularly 
well suited to this purpose since the capacity to ‘labef atoms 
of particular chemical elements in the mother is precisely 
what is needed for the investigation of the transfer of those 
same elements to the embryo. Earlier work in the United 
States, mainly betw'eeu 1941 and 1942, did little more than 
illustrate the scope of the method and was interrupted by 
Pearl Harbour when the most interesting stage appeared 
likely to be reached. One such test, with radio-calcium in 
mice, confirmed that there was a transfer to the foetus of 
calcium which had previously been ‘fixed’ in the bones of 
the mother, and showed that the last calcium to be absorbed 
was also the first to be released for transfer. This was in the 
Crocker Radiation Laboratory at Berkeley, California, 
w'hich later took a leading part in investigating the absorp- 
tion of plutonium and fission products formed in the 
uranium pile in relation to safety precautions for atomic 
energy workers. Another such experiment, carried out at 
Rochester University, showed that the time interval be- 
tween the feeding of iron to the mother and the appearance 
of radio-activity in the blood of the embryo was only forty 
minutes. The text- book description of the formation oi' 
blood cells in the embryo was that the red cells of the 
mother travelled as such through the umbilical cord to the 
embryo, and were there broken down, and the iron which 
they contained re-used in the formation of the embryo’s 
own red cells. But the shortness of the observed interval 
made it unlikely to the point of impossibility that this 
explanation could be correct. Finally, Dr P. E. Nielson of 
the University of Wisconsin carried out a similar and. 
preliminary study of the transfer of phosphorus. 


, iViiirwux* ., .■ , .. . 

Greater avaiiability of radio-active supplies is iiow icadjtig 
to an increased interest in the method, for this as lor olher 
research purposes, and at a recent meeting of the Bio- 
chemical Society, Dr G. Popjak of the National Institute for 
Medical Research described the results of a more detailed 
investigation in the case of phosphorus, Tiic problem is 
similar to that raised, and already partly answered, in the 
case of iron. Can the embryo make use of simple inorgardc 
materials, and if so how are they converted into organic 
form? In particular, what is the origin of the complex phos- 
pholipids - fat-like substances - needed by every coll? Dr 
Nielson’s work had already suggested that inorganic phos- 
phorus could be used. Dr Popjak has now shown further 
that both from the liver and the placenta of the embryo it is 
possible to extract phospholipids which, weight for weight, 
are more highly radio-active than the blood plasma of the 
mother, into which the test injection had been made. Thisi 
could scarcely happen unless in these organs, at least, the' 
embryo was doing its own building up. Similar experiments; 
have been carried out on rats, guinea pigs, and rabbits, and 
they all support the same conclusion. There is also more; 
limited evidence suggesting that all the organs of the em- 
bryo, and not only the liver and placenta, are capable of tins 
same building up process. This was obtained by direct in- 
jection of the embryo with radio-active phosphate. 

(Fopjkk, Biochemical Joiitml, ia thQ press.) 



Ultrasonics 

DR. GABRIELE RABEL 

The terms ‘Ultrasonics’ and ‘Siipersonics’ have been, buzz- 
ing about recently in the news, and especially the ‘Ba.t CVuic’ 
lias aroused considerable interest. The subject of this ai'lide 
is to give a brief account of what ultrasonic waves (US\v) 
can do, but as I have noticed here and there some confusion 
attached to the terms ultra- and supersonic, it seems desir- 
able to begin by clearing the terminological ground. 

Ultrasonic vibrations are of the same type as sound 
vibrations, but have a frequency too high to be sensed as 
sound by the human ear. 

The threshold of audible sound is 30 vibrations per sec- 
ond. its upper limit is said to be 20,000, but for old people 
it is considerably lower. What is above 20,000 is not audible 
to the human ear, but is ultrasonic. 

In papers written in English these higii frequencies are 
often described as ‘supersonic’, but ‘ultrasonic’ is preferable 
for three reasons; this word has chronological priority, it 
matches the German ‘Ultraschali’ and the French ‘ondcs 
ultra-sonores’ and airminded people use the term ‘super- 
sonic’ for a velocity not for a frequency. What do they mean 
by a ‘supersonic velocity’? They tell us, it makes a 
difference whether a jet of gas or a bullet or aircraft moves 
through air ‘faster than sound’ or slov/er. They do not mean 
that it may be important to hear an aircraft before it arrives, 
but that the aircraft (or air-jet) itself is decisively influenced 
by its own ‘supersonic’ velocity. How on earth docs sound 
conic into the problem? The answer is : not at all. 

Every pressure change, every disturbance, periodic or 
non-periodic, spreads in air with the same velocity. Sound is 
a pressure change. Therefore sound, too, spreads with the 


same velocity. But as this latter fact is irrclcyant, t'ac Icit 
‘ supersonic velocity’ is misleading, and f propose i'"* '--’C i;’’* 
non-committal terms ‘Supervelocity’ and 'Fsulv/c.'ocoy' 
speeds above and below the general ‘Distiirbmicc Valocibp 

If an aircraft moves with subvclocfty tliroiigb air, tli 
disturbance created by it runs ahead and pfeparcr? the wn; 
for the coming traveller. If, however, the aircraTt Pravel 
faster than the disturbance it has created, tire liirs 

a cone of highly-compressed air (called a shockwave thouid 
it is not really a wave) envelops the how cl* tlic Cj'.P't :uu 
ads as a resistance. 

Similarly if an air-jet moves with supervclocity, cjPdrcl; 
novel conditions arise. The jet breaks into segments, arn 
if a tiny cavity, say a tube of 1 mm. diameter and tl:c sann 
length, closed on one end, is introduced into certain pmrt; 
of these segments, the cavity hurls the air back periodical 1; 
and the periods are of ultrasonic frequency. 

This is one way of producing IJSW. One further geti 
them from a Galtoii whistle, or jingling keys, or from Mag; 
netostrictive or Piezoelectric Oscillators. 

Magnetostriction is the periodic contraction ofa iiicke 
rod in an alternating magnetic field. The end of the rot 
emits high frequency waves. 

Piezoelectricity is an electric charge developed on i1k 
surface of certain crystals, including quartz, under pawsurc 
If, conversely, an alternating voltage is applied to a plate cu 
out of such a crystal, the plate contracts and expands per lot! 
icaliy, causing compressions and rarefactions In the .sur- 
rounding medium. 

Every body has a ‘natural frequency’ 

If the rhythm of the externally imposed allGrn-ati-iig 
coincides with the very high natural frequency of the c|uar'i; 
plate, the maximum effect, Resonance, is cbtaincs.! and tin 
vibrations thus produced have enormous arid a.,uvii;dijq 
effects. 

The energy of sound waves is proportional to the square 
of the frequency ; that is why vibrations up :i rniilio; i cytric 
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per second or more are so powerful. E. Meyer has computed 
iliat if an orator talked without interruption for 150 years, 
die sound energy expended would be just enough to boil 
vvater for a cup of tea. But water traversed by USW boils 
an egg in a jiffy. R. Wood tells us that the acceleration at 
the surface of a vibrating crystal, though the amplitude be 
only 0.008 mm,, can amount to 40,000 kilometres per sec- 
ond per second.* 

Wood and Loomis reported, among other spectacular 
results, that in a dish of oil with a piezoquartz at the bottom, 
the oii drops surged up to 40 cm. height as from a miniature 
\'olcano. They worked with 2 kilowatt power at 50,000 volts. 
Later Griitzraacher constructed- piezocrystals in the form 
of spherical mirrors and at the focus of such a quartz mirror 
a power of only -^-kilowatt at 2,400 volts makes the oil jump 
even higher. 

A recent development is the construction of ultrasonic 
lenses. 

Up to World War 1, piezoelectricity was a laboratory 
curiosity. In 1917, Langevin constructed a device which 
made it possible to send out a narrow beam of USW under 
water for signalling and for determining the position of 
submarines by the echo method, USW are well suited for 
the purpose because they are very little absorbed in water - 
much less than in air. 

The echo principle is also used for measuring the depth 
of the sea. Utilising multiple echoes it is possible, not only 
to get a profile of the sea bottom, but even to decide whether 
it consists of sand, mud or clay. 

George Godwin in his book Marconi describes an 
interesting Admiralty order received in 1 942 for a Submarine 
Buoy radiating ultrasonic signals with changing pulse rates 
L> prevent identification, sufficient for bearings to be taken 

=*• ir n body nioved out into space with such an acceleration, ii 
would acquire a velocity of 40,000 km, p.s. in 10 seconds and would 
bs- this time be 2 million km. away. 


on, but not to be picked up by the enemy, blowing itself up 
if fished up, transmitting every one or two hours day anti 
night but only for 14 days in the 28, with the task of acting 
as Radio Underwater Lighthouses. In Sicily and at Anzio 
these buoys guided radio-equipped landing craft to their 
appointed positions on the beaches. In the English Channel 
and in the North Sea they marked sunken wrecks. Beibre 
D-Day these ultrasonic buoys were laid olT the EYencli slioro 
to guide the ships through the enemy minefields without 
arousing the suspicion of a highly-nervous enemy. 

The principle of sending out USW pulses and measuring 
the reflection time is used in industry for finding flaws in 
metal blocks or the level of a liquid in a metal tank. 

A liquid or solid traversed by an ultrasonic wave system 
acts on light like a diffraction grating, the lines of com- 
pression being lines of greater density. If USW are thus 
applied to anisotropic crystals, they give rise to interference 
images which reveal at one glance the elastic symmetries of 
the crystal. Bergmann who shows some beautiful pictures' 
of this type in his book on Ultrasonics emphasizes that one 
and the same sample yields at once a complete system of all the 
constants in a way not obtainable with any previous method. 

The diffraction spectra produced by USW are also used 
in England by the Scophony system of television. 

The extreme shortness of the ultrasonic waves down to 
the order of 0.00055 mm., that of visible light, makes them 
handy as a measuring device, while the long, audible sound 
waves are unfit for laboratory purposes. Instruments apply- 
iiig USW can be used as saccharimeters. They are also used 
to determine the velocity of sound in different substances ; 
which in its turn reveals many physico-chemical character- 
istics of the medium, such as compressibility, chemical 
structure, concentration, specific heat. In soil analysis, fre- 
quent shaking and centrifuging is required to disperse the 
colloids from the soil grains. But treatment with USW 
disperses them in a few minutes. 

Immiscible liquids such as oil/water or mercury/ water are 



transformed' by USW into very stable emulsions. Colloidal 
systems with any desired size of particles can be obiaincd 
by USW radiation, especially in combination with clcctroh- 
sis. Nitrogen can be dispersed in steel for hardening pur- 
poses, nickel molecules are loosened up, facilitating magnetic 
reversal - but to what extent such methods are applied in in- 
dustry it is difficult to ascertain. The photographic indiifitry, 
it seems, makes extensive use of this property of USVv' to 
produce fine and homogeneous emulsions. 

While USW energetically disperse solids and liquids in 
water, they have the contrary effect on systems called aero- 
sols, such as fog, mist, dust, smoke -■ solids or liquids finely 
dispersed in air. Such substances when irradiated by USW 
arc instantaneously clotted together and sink doivn leaving 
die air immaculately clean. Why this opposite effect? The 
answer is that a startlingly revolutionary process called 
Cavitation occurs in water but cannot occur in a gas. 
Cavitation so. disrupts a liquid that even if it was formerly 
gas-free, it is then interspersed with gas bubbles. When a 
cavity collapses, pressures of thousands of atmospheres may 
be developed, and hi^ kinetic energies concentrated at very 
small spots create devastating mechanical effects. Cavitation 
is produced by high speed propellers and causes heavy 
erosions in armour plates, a headache for naval engineers. 

But cavitation is also produced by USW during the ex- 
pansion phase. It is not the formation of a cavity, but its 
vehement collapse which causes such turbulent processes 
as emulsification. It also brings oxygen into a reactive state 
and various chemical reactions, e.g. the formation ef 
hydrogen peroxide, may thus be indirectly slimulated by 
USW. Liquids often emit visible light during cavitation. 
Obviously some kind of exciting or electrifying action rna&t 
go on in those cavities. If cavitation is prevented, which can 
be done either by working in a vacuum or under high ex- 
Cemai pressure, USW neither liquefy gels nor emulsify oils, 
but in the emulsification of water and mercury, cavitation 
has no part. 


liquids with a low boiling point can be made to distil at 
room temperature when radiated with USW m viicmv as 
the liquid boils in the cavities, the gas bubbles quickly com- 
bine to larger bubbles and climb up. 

If snmili living organisms are exposed to USW, they are 
mostly torn to pieces or burnt or otherwise destroyed. But 
what really happens is not yet quite clear, in some cases, 
cavitation has been observed in the medium, in oiliers it has 
not. Living beings exposed at the same' time to violeni 
coiiipressioiis and rarefactions of the medium, cannot endure 
the enormous tension. But if they are small enough to be 
collected in the nodes of standing wave patterns, they may 
rest there happily and unharmed - as long as no cavitation 
occurs. 

If a liquid v/hich swarras with bacteria is exposed to sound 
waves, the. cells explode quickly and the antigens, otherwise 
difficult to extract, are liberated. 

In Japan, a verminous parasite used to ruin billions of 
silkworm cocoons annually. If the affected cocoons are 
immersed in water and bombarded with USW for 3 minutes, 
the parasites withdraw into the body of the worm and 
quickly die there from suffocation, 

USW are further reported to deprive yeast celi.s of their 
power of multiplication, luminous bacteria of their iumin- 
osit)'', pathogenic bacteria of their virulence, to sterilize mil!: 
and to give milk a 'soft curd character’. 

Everybody w'ould expect that pow^’crful rays which can 
be focussed would be valuable medical assistants, and 
ifideed the literature abounds with 'pious hopes in this 
direction. But the only paper I have discovered tkit tells of 
real cures is one by Polilman, Richter and Parow (MeWa/x-^ 
ische Wochenschrffty 1939) who successfully treated cases of 
Sciatica and Plexus Neuralgia.* 

While the production and exploitation of USW is a ncvv 
adventiire for us human beings, animals have used them since 
More clinical experiments will be needed to know if this treatment 
has real value. Ed. 


time immemorial. The hearing apparatus of many animals 
is obviously sensitive to these vibrations. When Cialton blew 
his high frequency whistle, spectators who heard notln’ng, 
but saw his dog obey the call, suspected occult doings. 
Ultrasonic utterances have been studied in grasshoppers, 
but the best examined case so far is that of the bats. When 
they fly through dark woods or long tortuous caves, they 
do just what Langevin did first in 1917, namely send out 
pulses of USW and then decide from the time and direction 
of the echo wlicre there is an object lurking in the dark. 

The Americans Pierce, Griffin and Galambos made bats 
fly through barriers of parallel wires in complete darkness 
and recorded the hits or misses. When only the mouth was 
covered, the bats were as unaware of the wire as with 
plugged ears. When only one ear was covered, they lost their 
pluck. They need both ears for localisation, just as v,'c 
do. 

Bats emit three distinctly different types of sound: (1) a 
shrill audible cry (7,000 cycles per second, lasting :j:"Second 
or less) not contributing to obstacle avoidance; (2) an ultra- 
sonic cry (ranging from 30-70 kilocycles, lasting 0.15 seconds, 
unfailingly accompanied by (3) a feeble click which, when 
the bat is in flight, is repeated so quickly as to be noticed as 
a buzz. 

Remarkable is the way hats vary their ultrasonic utter- 
ances according to where they are and what they are doing. 
They utter less than 10 ultrasonic cries per second, when 
sitting on the wall and preparing for the flight; 20-30 when 
flying through unobstructed space; 50-60 when approaching 
the obstacle; then there is a sudden drop to 30, and when 
this drop happens, you know they have got through un- 
scathed. If it docs not happen, this is a bad sign. 

The audible and the inaudible cries can be emitted at 
once, but as the audible is never heard during flight, the 
inaudible obviously is no overtone. Each bat has a ‘personar 
voice of its own, an individual combination of frequencies 
and relative intensities. This ‘significant cry’ comes from 



bats preparing to liy or to , alight, froiii caged bats seeking 
escape and cave bats awakened from sleep. 

How do the bats prodiice all these soimds? They arc cer- 
tain to come out of tlie mouth, and they arc probably pr(>" 
duced in the larynx. No explanation was found for the 
independence of the audible and ultrasonic tones or for the 
extraordinarily high rate of emission of the latter. 



Anti-Vitamins 

PROFESSOR JOHN YUDKIN 

Many substances are now known which antagonise the 
action of certain of the vitasnins. Such substances ma}'', in 
an animal, produce the signs of vitamin deficiency, even 
tJiough the diet contains what is normally an adequate 
amount of the vitamin. In so far, therefore, as these ‘anti- 
\'itairiiris" may occur in natural foodstuffs, they are clearly 
of importance in the field of practical dietetics. But a closer 
study of them, and of the history of their discovery, shows 
that they have a far wider theoretical and practical intej-est. 
An understanding of them is, for example, necessary for 
those who are concerned in the present intensive search for 
new drugs for the treatment of human disease. 

Most of the anti-vitamins belong to the group of ‘meta- 
• bohe analogues’ or competitive inhibitors. To understand 
how this type of substance functions we shall have to go back 
a long way through quite unexpected patlis. We might begin 
with Ehrlich, who, nearly 50 years ago, developed his ‘side- 
chain’ theory to account for the phenomenon of specific 
immunity. 

When a person develops an immunity to a bacterial infec- 
tion like typhoid fever, his blood becomes capable of re- 
acting with the typhoid bacteria, and making them ‘agglutin- 
ate’, or clump together. What has happened is that, during 
tiie infection, the typhoid bacteria (the antigen) made tire 
infected patient produce in liis own blood a specific antibody 
so that v/henever the blood again comes into contact with 
typhoid bacteria, the antibody reacts with the bacteria, 
which then agglutinate and so are rendered harmless. 

According to Ehrlich’s theory, the reaction between the 
antibody developed in the blood and the antigen of the 
56 


bacteria occurs by a union between tlse two; Ibi* fnet lb:d 
antigens for dillbrerit bacteria combine with diiil'r-oul ar.ii 
very specific antibodies in tlic host is suf)p(>s'cd no I'm; o-ni- 
to the two substances being of such a structure ihat the 
just fits into the other (Fig. 3). No other antibody will c(»n!- 
bine with this antigen because no other will iiave a 0(0 
which fits the appropriate group or "skhsebain' of the :ii>b 
gen. 
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■Figure 3:i— .Bacteria catering body ofheni,. 


_^jv| 




> 


.HiUibotlK-. 


f 


Figure 3b-— Bacterial antigens stimulate cells of ho-.t i;) vtrnduc' 
antibodjcs, which circulate in the bkxHiatrcai!!. 
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ifigure 3c-— Further bacterial inva- 
sion leads to combination of inxsi 
antibodies with bacterial antigeir<, 
and bacteria are agglutinated. 


Specificity oj Enzymes 

A similar idea was developed by biochemists to explain how 
it is that enzymes, like antibodies, are very ‘fussy’ about the 
exact constitution of the substance (substrate) with which 
they react. For example, the pancreas makes several 
enzymes, which digest proteins, carbohydrates and fats. 
But the enzyme which digests proteins will not digest fats 
or carbohydrates. More than this, an enzyme which will 
act upon one sort of carbohydrate will not attack aiiothe;-. 
One enzyme will act on cane sugar, but not on malt sugar ; 
although they are similar sugars, there are certain chemical 
differences between them which make only the one able to 
attach itself to the enzyme. The simile which is commonly 
used to explain this extraordinary specificity of enzyme 
action is that of the ‘lock and key’. The atoms and bonds 
which go to make up a chemical substance confer upon it a 
characteristic structure just as the grooves and notches 
confer a characteristic structure to a key. And just as the 
key will only fit a lock for which it is made, so a chemical 
substance v/ill only fit its appropriate enzyme. Unless it 
fits, the enzyme cannot act upon it. 

' Enzyme Inhibition 

With this sort of picture in mind, many workers have been 
carrying out investigations oh the mechanism of enzyme 
reaction. One of the most active laboratories in this field is 
at Cambridge, v/here Dr Stephenson and her colleagues have 
been studying the enzymes of bacteria for more than 20 
years, in one of these studies, it was found by Dr Quastcl 
that certain substances interfered with the action of an en- 
zyme upon its own specific substrate. The action which he 
was studying was the oxidation of succinic acid by the en- 
zyme succinic oxidase, and the substance which interfered 
was maionic acid. One curious thing about the interference 
was that the degree of interference did not depend so much 
on the absolute amount of maionic acid that was present, 
as on the relative anioiint of maionic to succinic acid. When 



niaionic acid was added to the active eiizynie, the rate of 
oxidation of succinic acid was reduced, but it was considei- 
abiy restored if more succinic acid was added and again 
inhibited if more malonic acid was added. 

' COOH CH 2 , COOH 

CH^.COOH COOh 

Succinic acid Malonic add 

Figure 4 

It seemed as if there was a competition between these 
two substances. Because of their similar structure, either 
could apparently combine with the enzyme, although only 
the succinic acid could be acted upon (Fig. 4). Since there 
-was only a limited amount of enzyme, the combination of 
malonic acid with the enzyme meant that there was less of 
the enzyme available to combine with the succinic acid. 
One can picture the molecules jostling each other for places 
on the enzyme. And one can see how it is that the amount 
of oxidation which occurs depends on the relative amounts 
of the two competing types of molecules. 

Sulpha Drugs 

A similar explanation was advanced by Dr Woods, who had 
also been a pupil of Dr Stephenson, to account for the action 
of tlie sulphonamide type of drug on bacteria. Bacteria may, 
like animals, require particular nutrients - vitamins lor 
their growth, and one of these, required by several species 
of bacteria, is a substance called para-aminohcnzt)ic acitl 
Dr Woods was struck by the chemical resemblance ofsevenu 
of the sulpha drugs to this substance, and suggested that 
these drugs act by competitive inhibition (Fig. 5). I'hat is, 
they get in the way of the vitamin wherever it is in tlie ba.c.- 
teria that it carries out its function. This theory, that tijc 
sulpha drugs act as anti-vitamins for certain species of 
bacteria, is supported by the fact that bacleiia prevented 
from growing by the addition to their culture medium rjl' 
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A pai'a-ainli’.ohe7xzoic acid. B sidphanilamkle. C siilphapyridine. 

Figure 5 :■ :;:i 

one of the sulpha drugs, are able to grow again if para- 
aminobenzoic acid is added. 

Vitamins and their Cempetitors 
Since that time, a number of substances have been found 
’Which act as anti-vitamins in animals. Many of them are 
substances which have been specially synthesised so as to be 
chemically similar to vitamins ; others have been found to 
occur in nature. An interesting feature of the synthetic 
substances is that, until they are tested, one does not know 
whether they act as vitamins or as anti-vitamins. A substance 
acts as a vitamin if its structure is sufficiently similar for 
it to take part in all the essential functions of the ceil in 
which the original vitamin is involved. On the other hand, 
it acts as an anti-vitamin if its structure is sufficiently similar 
for it to attach itself to the appropriate points of action of 
the vitamin, but riot enough for it to fulfil its functions : in 
this way it simply displaces the vitamin and may produce 
deficiency disease in the animal. ■ 

One of the first examples of this which was discovered, 
is a substance - pyrithiamine - which acts antagonistically 
to vitamin-B, (thiamine). A glance at the formulae shows 


Vitamin 2?, (thiamine). 


«A 


CWj- 




CH, 

C=--C-CHiCW.OH 

•CHjtN 


\ 


Ck- 


CH 


Pyrilhiatnine. 

Figure 6 

how closely similar are the chemical structures of these two 
substances (Fig. 6). Pyrithiamine fed to mice rapidly pro- 
duces deficiency of vitamin-B, - produces it, in fact, m<3re 
quickly and more severely than does feeding the mice on a 
diet deficient in the vitamin. If the amount of vitamin-B , in 
the diet is increased, no deficiency is produced; if more 
pyrithiamine is added, deficiency again occurs and again 
may be avoided by increasing the - dietary supply of the 
vitamin still further. In other words, this anti-vitamin acts 
as a competitive, inhibitor just like the sulpha drugs in 
bacteria. 

Many similar substances have been discovered or pre- 
pared and we now have anti-vitamins for a great many of 
the vitamins. Many of them are known to act only on 
bacteria but quite a number can be shown to produce their 
effect in animals (e.g. Fig. 7). It would be a formidable 
to enumerate all of these, so we must be content with cl' 
ing some of the more interesting examples. 



Riboflavin. 


0 


OU OH pw OH 



Figure 7 

The Sweet-Clover Disease 

One such example concerns a naturally occurring anti- 
vitamin which has considerable practical importance. Some 
20 years ago a disease was observed in the prairies of 
Canada and the Western States of America in which the 
cattle suffered from haemorrhages severe enough to cause 
many deaths. A relatively small operation such as castration, 
or even a scratch from a fence, often led to bleeding which 
sometimes could not be stopped. At first, this disease was 
thought to be due to some sort of infection, but intensive 
search failed to reveal any possible disease-producing 
organism. After a time it was noticed that the disease seemed 
to be associated with the consumption by the cattle of 
spoiled sweet clover, and animals could often be cured if 



tills food v/as removed froiri their diet. Attempts were tlien 
made to extract what was apparently a toxic material from 
the spoiled clover, and after a great deal of difficult cliemical 
work, a substance was isolated which seemed to be the cause 
of the disease. This substance, dicoumarol, was found to 
cause bleeding in experimental animals because of an inlcr- 
ference with the clotting power of the blood. The effects 
produced by feeding dicoumarol were exactly similar to 
those produced by a deficiency of vitamin- K, and adminis- 
tration of vitamin-K overcame the toxic efiects of dicoum- 
arol (Fig. 8). The spoiled sweet clover, then, produces its 
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effect because it contains dicoumarol, which leads to a 
deficiency of vitamin-K in the cattle owing to its action as a 
competitive inhibitor of the vitamin. 

There are two further points of interest in connection 
with this. One is tliat dicoumarol is now being used in 
medicine in conditions where it is desirable deliberately to 



decrease the clotting power of the blood ; amongst such con- 
ditions are coronary thrombosis and thrombophlebitis. 
The second interesting point is the possible anti-vitaniin-K 
activity of salicylates or aspirin. Very large doses of these 
drags are given in some conditions, notably rheumatic 
fever, and it has occasionally been noticed that this is fol- 
lowed by a tendency for bleeding from the alimentary canal. 
If such effects occur nowadays, they are treated with vitamin 
K. The chemical structure of salicylates and aspirin shows 
that they might v/eil be expected to act antagonistically to 
vitamiu-K (Fig. 9). 
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Sodium scsJicylate. Aspirin. 

Figure. 9 

Apart from the naturally occurring dicoumarol, other 
antagonists for vitamin-K have been synthesised in the 
laboratory : one of these is a substance called a-tocopherol 
quinone. This is similar to vitamin-E (a-tocopherol) but it 
also resembles vitamin-K. In pregnant mice, it leads to a 
cessation of pregnancy, just as does a deficiency of vita- 
mm-E. Curiously, however, its harmful effects are not over- 
come by vitamin-E but they are overcome by vitamin-K. So 
here we have a substance chemically similar to two vitamins, 
which causes a deficiency of one vitamin, but whose effects 
are only counteracted by the other. 

Vitamin or Anti-Vitamin? 

It was mentioned earlier that a substance made so as to 
resemble the chemical structure of a vitamin might not 
necessarily act as an anti-vitamin, but might actually be 
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whether the new substance fits into the appropriate 
in the living cells well enough for it to take over the fur 
of the vitamin, or only well enough for it to get in tl 
of the vitamin. In some instances a chemical substanc 
be able to act as a vitamin for one species while it is ai 
viiamiii for another species. Here are two examples 
first concerns vitarain-Bg or pyridoxine, one of the vit 
that are sometimes classed together in the vitarnin-Bj 
plex. One derivative of this, desoxypyridoxinc, can be 
instead of pyridoxine for the growth of certain bae 
whereas in the chick it acts as an anti-vitamhi and c 



deficiency of pyridoxine (Fig. 10). Another derivative 
vitamin for some plants, for example tomatoes, and 
anti-vitamin for certain fungi. The second example cono 
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So the development of pellagra depends on whether there is 
a deficiency of both of these substances in the diet. Maize is 
known to be very deficient in tryptophane as well as fairly 
deficient in nicotinic acid, whereas other diets, containing 
for example rice, even though they may contain iess nico- 
tinic acid, have enough tryptophane to be able to make up 
for this. But this does not seem to be the whole story, for a 
diet containing just enough nicotinic acid and tryptophane 
to prevent the development of pellagra, will produce pel- 
lagra if maize or maize products are added. It seems that, 
after all, the old ‘toxic’ theory of the causation of pellagra 
must have had at least some truth in it. Although we are not 
yet certain what this toxic substance is, it is very likely to be 
an anti-vitamin for nicotinic acid, and in fact recent W'ork 
suggests that it is indoleacetic acid (Fig. 14). 



Figure 14 

Anti- Vitamin as Insecticide 

Nicotinic acid is one more of the group of vitamins in the 
vitamin-B. complex. Still another is inositol. Although this 
has not been shown to be of much importance in the higher 
animals, it is needed for the growth of some yeasts and, it 
would seem, for some insects. And it is of interest in the 
same sort of way that para-amino benzoic acid is of interest. 
Y/e noticed that the sulpha drugs act by ‘starving’ bacteria 
of this substance, which, for them, is an essential nutrient. 
Similarly, a substance is known which competes for inositoi, 
so that yeast svill not grow in its presence unless a great deal 
more inositol is added. You may not recognise this substance 
by its name of y-hexachlorocyciohexane, but 666 or gam- 
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sexane no doubt strikes 

a more familiar note (Fig. 15). It 


is a powerful insecticide and there is good reason to believe 
that it works as an anti- vitamin, starving insects of inositol 
so that they die of a vitamin deficiency disease. 

Bacterial Anti-Vitamins 

During the last few years, increasing evidence has aecumu- 
lated that sortie vitamins are synthesised by bacteria in the 
alimentary canal of many animals. Appreciable amounts 
may be absorbed into the blood stream of the animal and 
decrease the dependence of the animal upon dietary sources 
of these vitamins. A curious result of this arises from the 
administration of anti-bacterial drugs, such as the sulpha 
drugs by mouth. This may cause a considerable decrease 
in the number of certain species of bacteria in the ali- 
mentary canal and consequently a decreased synthesis of 
vitamins. As a result, the amount of these vitamins in the 
diet, which was adequate when supplemented by the vitamins 
synthesised by the bacteria, may now not be adequate, and 
vitamin deficiency may be induced. This has been clearly 
demonstrated in experimental animals given sulpha drugs. 
In some instances, such as vitamin-K in rats, the amount of 
a vitamin synthesised by the alimentary bacteria makes if: 
difficult to obtain deficient animals by dietary means edonc, 
whereas the simultaneous administration of sulpha drugs 
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some of the members of the vitamin-B^ complex (biotin, 
folic acid and pantothenic acid) can rapidly be induced in 
rats by treatment with these substances. We have, then, the 
interesting fact that they exert their effect by rendering the 
bacteria deficient in a vitamin, and in turn the death of the 
bacteria may render their host deficient in one or more 
vitamins. 

There has also been some suggestion lately that penicillin, 
as well as the sulpha drugs, may have a similar efiect. 
Patients given penicillin by mouth seem sometimes to de- 
velop mild pellagra, and this would be due to the decreased 
formation and absorption of nicotinic acid, because of the 
killing of alimentary bacteria by the penicillin. 

Quite apart from this indirect production of deficiency in 
the host the action of anti-vitamins on the bacteria is, of 
course, important in itself, as we have seen in the case of the 
sulpha drugs. The use of these chemotherapeutic drugs in. 
medicine began some years before their mode of action was 
known, but now that we have this knowledge, a great im- 
petus has been given to the search for new drugs. Large 
numbers of anti-vitamins have been synthesised in the hope 
that they will prevent the growth of harmful bacteria. It is, 
of course, necessary that these substances shall exert their 
effect to a far greater extent on the bacteria than on the 
infected host. 

So far, it must be admitted that the search hdb not pic- 
vided any spectacular results. However, some interesting 
developments have occurred and it seems likely that fuixlier 
work will provide something really worth while. One of the 
most promising lines of research is concerned with sub- 
stances winch antagonise pantothenic acid, still another 
vitamin of the complex. This is necessary for the growth 
of such bacteria as the streptococcus and the pneurnococcus. 
the organisms which pi^uce among other conditions 
blood poisoning and pneumonia. The most effective antag- 
onist to pantothenic acid is pantoyl-taurine (Fig. 16). This 



ANTI-VITA Mi NS 




C'naOH 

kcs-hx 



i 

Ch cm 


Ch ch 
\ 

'■ 1 ,■ 

Co 


■ CD 

1 

i 

nm 


'■ j"' ■■ 



CH- 

i 

! 



1 

. Co DU 


SO-/H 

Pewtothenic ackl. 

Figure 16 

Pantoyi-taurine. 


prevents the growth of several species of bacteria in labora- 
cultures and will also prevent infection with these 
organisms in rats. Unfortunately^ it is necessary to give far 
^arger amounts of pantoyltaurine than could possibly be 
used in medicine, but it is likely that other derivatives of 
acid may be more successfiii. 
i here is some evidence that the drugs which are used in 
tne prevention and treatment of malaria - quinine, tnepa- 
enne, paludrine, and others -- may act upon the malaiial 
parasite in some such v/ay as do the anti-vitamins ' if this is 
corilirmcd, we shall have a new method of approacli in the 
pieparation of anti-malarial drugs. It has also been shown 
anti- vitamins for pantothenic acid can cure c» 
malaria in chicks. Again, this work is as yet not 
developed to he applied in human maiarra 
because it is necessary to use such amounts of the anii- 
wiarain as to produce deficiency in the chicks as well as in 
Ihc parasites. 

^ Ant i-Vi famine which are not Competitive Inhibitors 

lar, we have described substances winch arc chemically 
alhpH i.-> .1-- 



SCIENCE NEWS VII 


niins for a place in the living cells. There are some anti- 
vitamins, hovr’ever, which act quite differently, either by 
combining with the vitamin so that it becomes inactive or bj' 
actually destroying the vitamin. 

Egg-white contains a substance which has a very strong 
affinity for biotin. This egg-white substance, avidin, com- 
bhies with the biotin of the food and the resulting compound 
cannot be utilised by the animal. Experiments have been 
done both with laboratory animals and with human beings, 
and biotin deficiency produced by diets containing large 
amounts of egg-white. One w'ay of overcoming the effect 
of avidin is by giving biotin anti-vitamins like the destbio- 
biotin we have described. These can combine with the avidin 
and leave enough biotin for the use of the animal. So we have 
the interesting situation that either avidin in egg-white, or 
synthetic anti-vitamins like desthiobiotin, will each produce 
biotin deficiency in an animal, but that both together may 
lead to normal healthy growth, since they combine v/ith one 
another and leave the biotin itself free. 

There are only a few examples of anti-vitamins which act 
by destruction of the vitamin. Breeders of silver foxes in the 
United States of America were much concerned a few years 
ago by the fact that some of the foxes on their farms lost 
their appetites, became very weak or even paralysed, and 
many eventually died. Investigation into the cause of this 
disease, which threatened serious financial consequences to 
many of the farmers, showed that it was due to deficiency 
of vitamin-B, (thiamine), it was then shown that this disease 
was associated with the consumption of raw fish which was 
often fed in considerable amount to the foxes. The raw fish 
contains an enzyme, thiarainase, which acts upon and des- 
troys the vitamin in the food. Simple cooking of the fish 
was sufficient to prevent the disease since, like most enzymes, 
thiaminase is quite easily destroyed by the heat. A similar 
enzyme which destroys vitamin-C, is found in green vege- 
tables, and this accounts for the instructions given by the 
Ministry of Food for the cooking of green vegetables. If 
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they are put into cold water and gradually heated, especially 
if they have previously been cut up so that the enzyme and 
the vitamin in the cells are brought into close contact, quite 
an appreciable destruction of the vitamin occurs before the 
iicat is suiiicient to destroy the enzyme. On the other hand, 
ir vegetables are put straight into boiling water, the enzyme 
is rapidly destroyed before it has had much time to act 
lipoa the vitamin-C. 

This short account of anti-vitamins demonstrates three 
things. In the first place, the nutritionist has been able to 
make many advances in fundamental knowledge about the 
way in which vitamins act. He has also been able to produce 
experimental diseases for detailed study, in animals in which 
it had previously been difficult or impossible to produce 
them. He has, that is, a new technique at his disposal for the 
study of nutrition and, as with all experimental sciences, 
development of fundamental knowledge cannot proceed 
faster than the technical methods which are available. 

Secondly, we now know that we must look, in our foods, 
not only for the presence of adequate supplies of vitamins 
but for the possible existence of substances which antagonise 
them. It is very unlikely that the anti- vitamins in raw fish 
or in maize are the only ones which exist, and it is necessary 
to bear in mind that there may well be others. 

Thirdly, we have a completely new approach to the 
problem of the production of new chemotherapeutic agents 
whereby we can study the nutritional requirements of 
disease-producing bacteria, and then attempt to kill them 
by i?iteifering with their nutrition by anti-vitamins. There is 
p.o doubt that, however laborious the search will be, and 
however numerous the compounds which have to be made, 
iivere will be sooner or later a number of effective new drugs 
which will give still more of that benefit to mankind which 
penicillin and the sulpha drugs have already given. 



Modern Applications 
oj Photography 

b. A. SPENCER 

USES OF AIR PHOTOGRAPHY 
All our economists are agreed on one point, namely, that 
one of the most vital problems confronting the British 
people ~ a problem that must be solved if social security 
is not to remain a pipe-dream and the standard of living is 
to rise rather than fall - is to bring about a great increase in 
national efficiency by the raising of mitionai productivity, 
both in volume and quality. I believe that photography in 
its many forms will be an indispensable tool in achieving 
this object. 

Unfortunately, man is on the whole intellectually lazy, 
and it is a sad thought that only under the primitive stimulus 
of war doss he usually muster the collective will and energy 
to apply available knowledge to achieve his aims in the 
shortest possible time. The major contributions photo- 
graphy made to victory depended not so much on basically 
new discoveries in the range of photographic technique as 
on the eiTective harnessing on an adequate scale of tech- 
niques whose potential value was known in 1939. This thesis 
is well exemplified by the recent history of air photography. 

In 1940 a remarkable organisation was built up in Britain 
for collecting by air photography information about the 
day-to-day progress of our enemies’ war elfort. This organ- 
isation - the Photographic Reconnaissance Units and the 
Central Interpretation Unit - was responsible for obtaining 
the majority of the intelligence information we received 
from Occupied Europe after the fall of France. 

When the Allies have got sufficiently tired of maintaining 
occupation armies in Germany it is to be expected that they 
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will recall how successfully we kept an eye on Gerraany by 
the far cheaper arid more convenient technique of photo- 
graphic reconnaissance. In conjunction witli a small group 
of specialists on the ground it is quite capable of ensiiring 
that no major industrial or warlike activity takes place in 
Germany without our knowledge. 

That aerial photographic reconnaissance would be an 
important source of information was, of course, recognised 
before the war, but few, even of those intimately concerned, 
realised before 1941 the remarkable results that could be 
obtained by a combination of first-class aerial photography 
with a thorough study of the resulting photographs by 
experts in many different fields working in close collabora- 
tion. The experience wliich has been gained is capable of 
direct application to peace-time research. Indeed, much 
information of interest in this connection is probably poten- 
tially available in the many thousands of negatives already ' 
made by the Allied air forces, and it is to be hoped that this 
W'ili eventually become accessible through appropriate 
centralised libraries. 

Interpretation 

There are two main types of aerial photograph - the oblique, 
that is, the pictorial or bird’s-eye view made through the side 
of the aircraft (Plate 23), and the vertical taken through the 
fioor, producing a photograph of the ground as on. a plan 
(Plate 1). 

Although to the untrained observer the oblique presents 
the more familiar view, the scale varies from foreground to 
background and there is much ‘dead’ ground in hilly or 
wooded regions, and vertical photographs were of much 
greater use to our interpreters. 

Such photographs are not pictures in the coiiveniiorial 
sense, but rather a mosaic collection of details whose mean- 
ing is not inimediately obvious. The amount of information 
which an interpreter can extract is directly proportional to 
his experience, Tiiis in turn is' dependent on his full under- 
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Standing of an photographs as a source of information, his 
knowledge of the subject being, studied and his access to a 
series of photographs of the same area made on earlier 
occasions. He is immeasurably helped by the fact that the 
photographs can be viewed stereoscopicaliy ; that is, the 
picture appears to be a visual model in three dimensions, 
A right and left eye record is necessary for a scene to appear 
in relief, and the amount of this relief is determined by the 
distance apart of the two viewpoints. When we examine a 
scene with our eyes, which are only about a couple of inches 
apart, all sensation of relief disappears when objects are 
more than 500 feet away. But the interpreter examines the 
landscape as though he were a giant with eyes several 
hundred yards apart, merely by placing in his stereoscope 
a pair of prints from the series of overlapping records which 
the detached eye of the flying camera has provided. 

Every stereo pair of war-time reconnaissance photographs 
was studied by specialists in many different fields, supplying 
its quota of information to each. By 1943, we had compiled 
what was virtually a photographic Lloyd’s Register of enemy 
shipping, and we had learned to tell the type of cargoes and 
probable destination of every enemy ship that mattered. We 
followed every important aspect of German industrial activ- 
ity and knew with remarkable accuracy the month-by-month 
output of all important factories. We watched Germany’s 
progress in research on radar and atomic bombs. Photo- 
graphic intelligence revealed enough information about the 
development of the flying bomb in time for us to make such 
preparations as were possible to reduce the attacks from a 
major disaster to a nuisance of no eflect on the outcome of 
the war. Meanwhile, w^e were accumulating, via the air cam- 
era, essential information on every aspect of the Normandy 
beaches and landscape which would facilitate invasion. 

Future Applications 

We have accumulated, then, considerable experience v/ith a 
powerful tool of research, and it remains for us to adapt it 
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to the sane requirements of peace. A complete understandios 
of the various ways in which this is being done would require 
knowledge of the technique of photography which I must 
not assume. Accordingly, I shall have to ask the reader 
to accept some of my statements as to what is possible 
on trust, though I will illustrate them as well as I can by 
photographs showing the techniques in action. The fact 
that with one blink of its glass eye an air camera can make 
a detailed record of the countryside which it would lake an 
artist months to draw is of course well known. What is not 
so obvious is the enormous importance of the fact that the 
record is an exact one from which sizes and distances can 
be accurately deduced. Much of the value of air photography 
in war and peace is due to the many ways in which such 
measurements can be turned to advantage. The most fam- 
iliar, because the most obvious, is the use of air photographs 
in survey. 

Surveying ; 

The speed and convenience of aerial mapping has long been 
admitted, and for inaccessible or difficult country such as 
the jungles and swamps of Africa, aerial mapping is ob- 
viously invaluable, but its pre-war accuracy left something 
to be desired. As a result of war experience, it can safely be 
claimed that any required degree of accuracy is now attain- 
able. In some cases, this accuracy exceeds that of conveii- 
tionai ground surveying, wffiiie the improved techniciues 
available are resulting in appreciable saving in cost. 

The usual procedure is for the aircraft to ily backwards 
and forwards over the territory to be mapped, taking vertical 
photographs on calibrated cameras - the dials of iristruments 
recording height, tilt, etc., being photographed simultan- 
eously along one edge of the film. The cameras employed 
are set to take photographs automatically at predetermined 
intervals, which are such that there is an overlap of about 
60% between neighbouring records. This is necessary in 
order to provide the stereo records on which most mapping 
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systems depend. Moreover, to ensure that gaps are not left 
in the record as a result of navigational errors, tlie parailel 
lines of flight are close enough together to ensure a gencroub 
overlap between each string of records. This lateral Insur- 
ance’ overlap, which h wasteful in time and material, is not 
necessary in the most modern air survey technique in v-hich 
the navigation of the aircraft and the operation of the survey 
cameras is by radar control from a ground station. The 
pilot’s responsibility is reduced to keeping his aircraft flying 
at the specified height along the radar beam, the camera 
operating at the correct intervals without his intervention. 
This tecimique also makes it possible for the ground station 
to direct the aircraft to any predetermined point on the 
terrain and then operate the camera as many times as are 
necessary to fill in any gap in the records of an earlier flight, 
due, for example, to the presence of an isolated cloud below 
.the aircraft. As a result, two or three photographs are all 
that are necessary to cover such gaps, as against the many 
hundreds of exposures wliich are required to ensure proper 
coverage when navigation and photography are controlled 
by the aii’craft crew. 

The resulting photographs are built up into a mosaic 
record of the whole territory - a pictorial map adequate for 
many piuposes and containing information from which 
dimensionally accurate maps can be prepared. The aerial 
camera in effect brings the territory to be mapped to the 
surveyor’s laboratory for measurement. 

It follows from the fact that by suitable techniques a 
contoured map of the countryside can be prepared that 
dimensioned plans of buildings can be derived from such 
photographs. From such plans accurately-scaled models 
can be prepared and rendered remarkably lifelike by sensi- 
ti-sing their surface with photographic emulsion and then 
projection printing on to them from a negative of the target. 
The clockwork precision of the successful attack on St. 
Na.?aire in March, 1942, owed much to the phorographie- 
ally-produced model of the port which was made during the 
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previous year. This model was photographed iVoin vai'ious 
ar.gies of approach and in lighting corresponding to that 
which would prevail at the time of the attack. Thus ihe 
participating forces were briefed with photographs of their 
tarloiis objectives v,'hlcli looked as though they had been 
made at groutid level from a distance of a few hundred feet. 

■ The teciinique of deduemg the dimensions of a building 
from photographs was applied after the 191 4“ 1 8 war to the 
problem of reconstructing war-damaged buildings of which 
diniensioned plans did not exist. Several French churches, 
for example, were rebuilt from accurately-scaled plans 
deduced from snapshots. Plate 25 is an illustration from 
Deiieux’s La Meirophotographie appliquce a Larchitectwe^ a 
fascinating account of the geometrical methods available 
for carrying out the calculations. 

In America at the moment, air photographic surveys are 
being carried out over all existing and several projected 
highways. It has been shown that it is possible to calculate 
from the photographs the cubic footage of earth to be re- 
moved or the concrete required at particular parts of the 
route far more simply and accurately than by ground meth- 
ods, and the economy which has resulted is already regarded 
as having paid for the cost of the survey. 

Air photographs mads primarily for survey purposes will 
record a mass of data of interest to ail those caiicenied v/itl’i 
such economic aspects as land utilisation, agriculture, 
mining, town plamiing, electricity, water and transport ■ 
services (see e.g. Pi.ates i, 18 and 17). in many cases, .how- 
ever., special fiigli'ts at particular seasons and time.s of the 
day Y/ili be necet?sary if air photography is io contribute 
fuliy to developments in other .fields, of which the following 
are representative examples. 

Arvhavlogy 

Archeologists were inade aware through the pioneer work 
of Cravv'ford, Kieller and I'nsall cl' the value of tiic roiiil of 
view gi'ven by the aeroplane, and many sites of arcliffiolcgical 
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importance have been discovered by its use. Slight hanks, 
grass-covered foundations or, depressions in the earth's 
surface which are all that remain of early earthworks, may 
pass unnoticed on the ground, but acquire significance when 
viewed from such a distance that any shadow cast forms a 
geometrical pattern which is obviously man-made. Such 
shadow sites will be most clearly revealed when the sun is 
low and in the right direction to cast a significant shadow. 
However, the most fascinating - because quite unsiispecle-i 
- phenomenon w'hich air photography revealed was that 
growing vegetation is afiected as regards its average size 
and colour by the previous history of the soil. For example, 
if a ditch has been dug on a chalk down and afterwards 
ploughed flat and sown with corn, for ever afterwards the 
silt filling that ditch diflers from the ancient, never disturbed 
soil. The more moist or more fertile silt promotes the growth 
and deepens the colour of the crop and hence in the spring 
the ancient excavation is annually outlined by a patch of 
darker green corn (Plates 36 and 37). 

Ancient roadways and wall foundations are sometimes 
revealed by the reverse effect. The shallow stony soil of the 
site results in a relatively poorer growth of the crop, or 
during a drought leads to more rapid ‘parching’ of vegeta- 
tion on the site (Plate 35). 

A remarkable example is the ground plan of Caistor, near 
Norwich (Venta Icenonim). The roads, streets, hoiise.s, 
temples and market places of this Roman town are all 
clearly revealed in an air photograph made during the 
drought of 1928. it will be a matter of chance whether such, 
ciop markings will record on air photographs made for 
oiner purposes, and for maximum results specially arranged 
flights under the direction of an archaeologist must be made- 
over areas, known to be of interest, at appropriate seasons 
and times. A recent series of flights planned in this way, in 
two days’ flying time, added more to our knowledge of 
Roman Britain than the previous two centuries of archae- 
ological research ! 
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Ecology 

Ecologists, concerned as they are with what might be 
termed biological geography, have already used air photo- 
graphic surveys of South America to provide data on the 
density aiid distribution of population, distribution of arable 
land, natural barriers and natural avenues of travel, sources 
of power, fuel and water, land utilisation, facilities for trans- 
port and the influence of topography on the location of 
roads and towns. Such investigations have a close relation- 
ship to the sort of studies we have made of Germany during 
the war, while the methods so successfully applied to ferret- 
ing out the activities of our human enemies arc directly 
applicable to non-human pests - animal and vegetable. The 
control of such disease-carrying insects as the mosquito 
and the tsetse fly by spraying from the air is now familiar. 
More indirect methods of control may well emerge from 
studies of bird migration and population on inaccessible 
islands made by means of the air camera. As a minimum, 
surveys of this type should be a very convenient method of 
checking the efficiency of our attacks on such pests as the 
boll weevil or the Colorado beetle. Meanwhile, the advance 
of bracken over grassland, and of prickly pear in Australia, 
and the distribution and efiect on each other of plant com- 
munities (woodlands, jungles, prairies) are already being 
effectively studied by air photography. 

Colour Filter Techniques 

So far I have dealt with ordinary black and white photo- 
graphs of the type one can make with the photographic 
films used for amateur snapshots, but made throiigli a 
medium yellow filter. This absorbs ultra-violet radiation 
and deep blue light which, being scattered by haze, would 
otherwise reduce the clarity of long-distance photographs. 
Full advantage has yet to be taken of the fact that:, by the 
use of specially sensitised films and suitable colour filters, 
the camera record can be made to emphasise detail and 
difl'erentiate between Various features of the landscape in a 
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manner quite impossible to the human eye. Forestry pro- 
vides a number of simple illustratioiis. Tims, a recent air 
survey of the forests of Southern Sweden was made at a 
season when the beech foliage contrasted with that of other 
trees - enabling the beechwood resources to be assessed, Tiris 
is a simple case, however, for, to the eye and the ordinary 
photographic film, beech foliage is noticeably lighter than 
the general rim of leaves. 

By employing over the camera lens a filter which transmits 
only the particular part of the spectrum reflected raosi 
freely by the foliage being studied, it is possible to exaggerate 
in the photograph subtle colour differences which would be 
undetectable on an ordinary photograph. 

An extreme example of this technique is the use of films 
made sensitive to invisible infra-red radiation. Infra-red 
photographs differentiate coniferous trees very strongly 
from deciduous - the latter recording as though their foliage 
was wliite (Plate 18). 

An interesting war-tirae application of siich colour filter 
techniques was the determination of the depths of off-shore 
water along enemy coast lines.* If a beach is photographed 
vertically from the air a fair amount of underwater detail is 
recorded. This means that we are photographing the sea-bed 
through the overlying water. Mow red light is more rapidly 
absorbed than green light during passage through greenish 
sea water. If therefore we take two photographs - one 
through a green filter and one through a red filter - the 
relative blackening on the two photographs which is dcicr- 
mined by the amount of light reaching the film will be greater 
in the case of the green filter photograph and the magaitude 
of the diflerencc will depend on the thickness of the over- 
lying water. By careful measurement of these rcialive 
blacknesses it is therefore possible to calculate uie acluui 
depth of the water down to depths of 40 feet. Such informulioj) 
was invaluable in planning landings on enemy coasts and has 

Devised by the Army Air Photography Research Branch w 
Larkhiil. 
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already found oae peace-time application in oceanography. 

Marine biologists are using it for malcing surveys of ani- 
mal. ooDimunities such as oyster beds and seaweed coiiceo.- 
trations (for instance, plates 4 and 5). In its present form it 
has potential value in the preparation of navigation charts, 
control of pollution, erosion, and the study of the efiect of 
currents and tides os the formation and movements of .sand 
bars. When sufficiently refined, it has been suggested that the 
method might even be capable of distinguishing between the 
differing bodies of sea water whose movements determine the 
niovements of fish shoals. The shoals themselves could al- 
most certainly be detected by appropriate forms of recon- 
naissance photography - an innovation which would have 
obvious economic importance. 

Forestry 

These, however, are possible future applications of colour- 
filter techniques where the records must be made under 
properly controlled conditions if they are to prove of real 
worth, and, as I have already indicated, their present use is 
mfiiniy in forestry studies. Here, even qualitative techniques, 
have already proved of real value. Thus Canadian foresters, 
from aerial photographic surveys of forest land, have ob- 
tained, in addition to such obvious data as the types and 
density of trees, details of the composition, age and structure 
Vv'hicli are invaluable in forest control. From the photo- 
graphs, type maps can be prepared which speed up, simplify 
and cheapen the operations of forest management. By 
measurernents on stereoscopic pairs of photographs (of the 
type of plate 19) the height of the timber can bo determined 
by simple instruments. Air photographs are also used in fire 
control, planning, evaluation of damage by insects, location 
of property lines, relocation of Canadian highways and the 
planning of new ones. 

It is frequently suggested that colour photography from 
the air would simplify the task of interpreting such C'hoto- 
graphs, and already it is Imown that in some cases useful 
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information not obtainable from black and white photo- 
graphs can be recorded on colour film. Jiisuificient experi- 
ments have so far been made, however, to draw any but the 
most general conclusions. 

An aerial colour photograph is easier to interpret by the 
unskilled, but it is possible that only in certain special CctSCS 
will it be of important assistance to the skilled interpreter. 

During the war a limited amount of ‘Aero Reversal 
Kodacolor’ was used by the British and American Air 
Forces. This was an integral tripack film which yielded 
subtractive colour transparencies built up from inseparable 
yellow, magenta and blue-green dye images (see article on 
Colour Photography in Science News 3). Its main ap- 
plication was for such specialised purposes as recording the 
coloured identification pattern of the target indicator fiares 
dropped by the Pathfinders during night raids and the 
recording of underwater obstacles near landing beaches in 
the Pacific. 

In a modified form of this film one of the sensitive layers 
consisted of an infra-red emulsion and the three layers w'cre 
processed in colours which were not necessarily comple- 
mentary to their colour sensitivity - as is required for a 
‘natural’ colour rendering. In consequence, green grass, for 
example, might appear magenta in the colour transparency 
and features in the landscape which in a normal colour 
photograph might escape detection could often be clearly 
differentiated in this 'camouflage detection’ film. Such 
material has potential peace-time applications in forestry, 
but more objective research is required to evaluate statisuc- 
ally the relative advantages of such specialised forms and 
natural colour as against black and white air photography, 
for it is easier than might be thought to be the case, for a 
skilled interpreter to distinguish between different types of 
vegetation in black and white air photographs. 

Geology 

In some regions, vegetation -is zoned with respect to eleva- 
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lion, inclinaiton of slopes, proximity ' of water and rock 
r>iLtcrops, aiid hence provides a guide to the interpretation 
nf topographic features, some of which - such as the site 
of old beaches - are obscure on the ground. 

Changes in vegetation over a period of time arc often 
a-;sociated with Important topographic processes, and as the 
surveys spread to such vegetation types as sphagnuiii bog 
and submerged seaweed beds, they impinge on the Interests 
of geologists, for they yield indirect data on such problems 
as the silting of estuaries, coast erosion and other factors 
controlling the development of scenery. 

The geologist is, in any event, already aware of the value 
of air photography in simplifying his studies of geological 
structure and land forms. Thus, the size, shape, distribution 
and evolution of complex sand dunes is much easier to 
assess from the air. Air photographs made for such purposes 
will in turn facilitate the work of prospectors for mineral 
deposits, and the mining engineer (see e.g. plates 22 and 24). 
in Canada, for example, the information on the distribution 
of rock formations furnished by the early geologists was 
mostly confined to the main water routes and did not help in 
the case of wide areas distant from the principal rivers. It is 
estimated that only 1 1 % of Canada has so far been ade- 
quately mapped from this point of view, and that without 
the use of air photography it would take 200 years to com- 
plete the task at the present rate of progress. However, the 
Canadians are nov/ going all out on an air survey pro- 
gramme, and during 1946 a basic photographic coverage of 
about iialf-a-miilion square miles was obtained - about one- 
i^eventh of the total area. For 1947 the target is another 
tliree-qiuirters of a million square miles. Already this work 
iias paid a dividend in the discovery from the photographs 
of rich tantalite deposits. 

Soil Erosion 

One of the earliest and most characteristic features of the 
growth of a civilisation is the change which is inmosed on 
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the vegetation of the countryside. Where Nature would 
have a forest - or, as in the case of the Nile Valley, a desert ~ 
man makes fields, and so on. \Vhen, as in England, the 
country is small and the civilisation, old, one finds that the 
landscape is eventually almost entirely m,aii-made. With 
increasing facilities for making such modifications whicji 
the twentieth century has placed in his hands, man runs 
grave risks of upsetting the balance of Nature to his ovvii 
detriment -- as when he creates huge deserts in America by 
unwise deforestation. The new deserts in turn facilitate the 
production of disastrous floods wliich, among other things, 
may lead to the transfer of alluvial soil to inconvenient 
regions. ■ 

Accordingly, extensive development of land by empirical 
methods will sooner or later have to give way to controlled 
development based on a study of conditions which can con- 
veniently be made from the air. Since tlie natural vegetation 
over any particular region is a product of the various geo- 
logical and climatic attributes of that region, its study before 
any development is planned can lead to a rational exploita- 
tion of virgin land and appropriate modifications to our 
treatment of land which is being misused. 

Already over 50% of the U.S.A. has been photographed 
from the air to enable the Soil Conservation Service of 
Washington, D.C., to compile an inventory of the physical 
land factors involved in soil erosion. These photographs 
(Plate 21) are used to determine soil type, land slope, grad- 
ient, present use and degree of erosion. The records not only 
provide a factual bird’s-eye view of the land and its present 
condition, but will be invaluable in future years as a basis for 
comparing land conditions from time to lime and for follow- 
ing trends in land use. The acreage of crops and other vegeta- 
tion can be determined very rapidly and economically by 
colouring the photogi'aphic prints according to the crop, 
cutting lip the prints and weighing the collection of various- 
shaped pieces of any one colour. The area can be determined 
from this weight with an accuracy of 1 in 1,000. Such 
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photographs can also supply a basis for the making, of 
piiyrnerits to farmers for diverting acreage.s from soil-deplet- 
ing to soil -conserving crops, and for carrying out appro'ced 
soli building practices. 

-physics 

The photograpliS we have been considering were all made 
from aircraft flying at heights of not more than a mile or so, 
and the physicist is, on. the whole, only mildly interested in 
them for the data they provide on atmospheric haze. The 
physicist is more interested in the records obtained on 
photographic plates which liave recently been sent into the 
stratosphere in rockets. He has thus obtained records of 
cosmic radiation and the sun’s spectrum made above the 
absorbing blanket of the atmosphere. The man in the street 
is more impressed when automatic cameras installed in 
such rockets primarily for other purposes bring back from 
100 miles up photographs of the earth’s surface which dem- 
onstrate conclusively that the earth is a ball. However, the 
data on cosmic radiation will, in the long run, be a far more 
important contribution to our control over Nature than 
spectacular confirmations of something known to Galileo. 

The Future 

Unfortunately, many of the most interesting peace-time 
applications of air photography have no immediate com- 
mercial future, and the problem is therefore how to get such 
work carried out. The British Ecological Society has taken 
a fii'st step by circulating to scientific authorities and rcs- 
poiisible Government departments a memorandum rccorn- 
iiiending the establishment of an aerial unit for scicn tine 
work. Such a unit would form an invaluable focal point for 
re.searches in many fields and would be of great potential 
value in another connectioii. Photographically speaking, 
wc were very backward in air photographic techniques at 
the beginning of the recent war. Photography was not highly 
regarded as a service career and certainly offered few atlrttc- 
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tioiis to the scientifically-trained young miiids on- which 
research largely depends. The ^question is therefore how to 
keep alive this interest in the minds of intelligent men, who 
doubt whether the next war will be anything like the last one 
and who are averse to wasting their creative energy on the 
devising of techniques wliich may not be required. The 
creation of aerial units for scientific work, operating from the 
principal armed forces’ air photographic research establish- 
ments would seem a reasonable solution, if any group of 
investigators faced with a scientific problem which air 
photographs might help to solve could, through appropriate 
mechanisms, have access to such units. The ground tech- 
nicians would then have a worthwliile interest in devising 
modified equipment and techniques for the solution of many 
different types of problem. 

There would be real satisfaction in being a member of a 
. team whose work involved helping, through an archasologi- 
cal gi'oup, to uncover details of our history ; helping, under 
the guidance of physicists, to clear up the mystery of cosmic 
radiation; fighting with the geologists against soil erosion 
and with the ecologists against the ravages of pests; and so 
on. Devising techniques most suitable for each type of 
investigation would result in the accumulation of experience 
and a nucleus of the right type of trained research worker 
and technician. It would follow that, if there is another war, 
photography from the air will be ready from the w^ord ‘go’ 
to play Its part in man’s next effort at destroving what is 
left of his civilisation. 

SOME APPLICATIONS IN INDUSTRY 

Broadly speaking, photography is of value in commerce 
and industry because it can : 

(1) make records which are permanent sources of refer- 
ence and exact measurement in a variety of conven lent 
forms ; 

(2) operate efficiently under conditions where the eye is 
■% helpless cither because the light available is too high 
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or too low in intensity, because the event is too .trans- 
ient or too protracted to see, or because visible light is 
not involved at all ; 

(3j record movement, if necessary in sucli a way that the 
time scale is altered ; 

(4) play a basic part in certain fabrication processes ; 

(5) facilitate all aspects of training and education. 

Records 

Let us dismiss with a mention such obvious applications as 
the choosing of factory sites by aerial survey, the recording 
of each stage in the erection of buildings and plant and the 
photographic printing processes -- known as blue print and 
diazotype - by which the plans for such activities are dupli- 
cated. A conventional photo-copy of a plan made by these 
processes is the same size as the original and only minor 
improvements in the processes themselves have taken place 
in the last 20 years. Document copying processes in which 
enlargements or reductions are possible, however, are grow- 
ing rapidly in importance. In these processes the original is 
photographed by various forms of specialised camera on to 
bromide paper, photographic film or plates. In the mere fact 
that the photographic record can be made smaller than the 
original we have the subject-matter for a long book, for new 
applications arise almost daily. 

In the Statfile system, engineers’ drawings are reduced to 
g 4- inch by 4| inch records on non-inflammable film. In this 
foim an enormous bulk of drawings can be filed in a 
relatively small space and at a standard size. From the 
iiegative, copies on paper to any required dimensions can 
he produced by conventional enlargement. In addition, there 
are numerous systems for recording documents on 35 mm. 
or 16 mm. film with correspondingly greater saving of space. 
These range from primitive adaptations of conventional 
miniature camera equipment to specially designed fully 
automatic machines which can be operated by people with 
no knowledge of photographic technique. 
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During the war essential information about every member 
of the armed forces was recorded on 35 mm. film, in the 
first instance to simplify keeping pay records, etc., up to 
date. However, the same technique obviously facilitated the 
sending of informatioji on other subjects from one theatre 
of war to another. A specialised aspect of this so-called 
micrograni service, namely, the Airgraph scheme - a direct 
dcscendani of Dagron’s pigeon post from beleaguered Paris 
- made one advantage of such micro-records obvious to the 
general public, who received and sent more than 1,000 
million Airgraph and V-mail letters during the war. The 
original letters were photographed on to 16 ram. film for 
convenience of overseas transport, and bromide print en- 
largements made at the receiving end for dispatch by surface 
mail. 

The release and saving of valuable storage space, protect- 
ing of irreplaceable records against loss by v/ar, accident cr 
tlieft, and the increased avaiiability are obvious advantages 
of micro-records, of which banks and big business houses 
are making growing use. U.S. public documents can notv 
by law be thrown away if miniature film copies exist. One 
machine tool firm which had nearly half-a-miliion drawings 
occupying 1,500 square feet of floor space has now micro- 
filed the lot in .two drawers of a letter file, l.ibraries, which 
began by storing the contents of newspapers in this way, are . 
now extending the method to their books. All English books 
in the British Museum written before .a..d. 1500 have been 
recorded in this way, and the Library of Congress offers a 
service of microfilms or positive enlargements of any paid 
of its ten million volumes. Such reproductions serve the 
student just as well as the, often irreplaceable, originals. 
This technique has also been suggested as a mean.s of dealing 
with the problem of publishing and distributing those 
scientific papers which are too specialised or transiejit in 
interest to justify printing in full in the ordinary scientific 
journals. 

Specialised machines - of which the Recordak is a typical 
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example - have mcebaaised the procedure for tranrfonning 
huge piles of documents into midget records on inicroftlm 
to a point where the equipment caii take its place side by 
side with other ‘business efficiency’ aids such as accoiinling 
machines and office duplicators. In the latest model of die 
Reeordak, for example, documents such as cheques need 
only to bs fed into a slot by the operator. When they emerge 
a few seconds later both sides of the document have been 
recorded next to each other on 16 rmn. film. Many deem 
ments are recorded in this way, at a rate of 1,000 per hour 
if necessary, purely as a safeguard against loss or fraud - for 
example, the cheques passing through a banker’s clearing 
house or the incoming entries complete with serial number 
and date in football pool and bookmakers’ offices. In such 
cases systems are available for finding automatically partic- 
ular records on the negatives. For smaller users combination 
units are available v/hich both make the microfilm record 
and project it for reading purposes. 

Increasing attention is also being given to mechanising 
the production of paper prints from these negatives, and 
war-time developments in high-speed automatic processing . 
are a promising first step in this direction. Thus the U.S. 
Navy required positive photographic records of the images 
produced on tlie fluorescent screen of radar cathode ray 
tubes in the shortest possible time: the right-band side of 
plate 34 shows the kind of picture. The problem was solved 
by producing a photographic film wffiich could be processed 
to a positive image in a matter of seconds in a processing 
niach-ine which applied hot solutions to tlie film in rapid 
succession. Each solution was removed in turn by vacuum 
suction and permanent records of the changing images on 
the radarscope could be seen tv/eive seconds after photo- 
graphy. 

ill America hot-processed motion pictures have already 
been used experimentally as a source of television ‘originals’ 
of news events. The overall time for complete processing and 
drying a single frame of the 16 ram. used was 45 seconds as 
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against 40 minutes for the normal procedure, and the pro- 
cessing machine operated at the rate of 8 feet per minute. 

The R.A.F. asked for a photographic paper which could 
be printed in contact with an unwashed negative and dried 
in a minimum of time, and here again the problem was 
successfully solved. 

By combining these two techniques, suitably-designed 
machines would make it possible to produce a large number 
of copies of a document m a matter of seconds if this was 
required, A fully automatic machine of this type would of 
course be an expensive piece of equipment, and small 
organisations are more likely to be interested in the various 
improved forms of reflex copying systems. In making a 
reflex copy of a document a sheet of thin photographic paper 
is pressed into contact with the document to be copied and 
this is then exposed to light through the back of the sensi- 
tized paper. The difference in the amount of light reflected 
by the dark and light portions of the original document is 
utilised to form the photographic image. Upon development, 
a negative image is obtained from which any number of 
positive prints can be made. 

Crude reflex copies can be made with ordinary photo- 
graphic paper of high contrast. For best results special forms 
of so-called reflex bromide paper and specially-designed 
printing frames are recommended as a simple method of 
obtaining copies of documents at a cost of a few pence per 
square foot and minimum capital outlay. 

Quality of Raw Materiab 

Turning from business to industrial efficiency, let us glance 
first of all at photographic tools which are helping to control 
the quality of raw materials. Most of these tools originated 
in research laboratories, because scientific research is based 
on efforts to reduce phenomena to forms that can be seen 
and measured. The powers ofiexact description provided by 
photography are the very foundation of precise knowledge 
and make it natural to use appropriate types of photographic 


uana AJ r i' tt vj i u n. a r 


material as the retina of microscopes, telescopes, speclro- 
scopes, oscilloscopes, stroboscopes, stereoscopes and X-ra}' 
tubes, converting them into recording instruments inliiiitely 
more versatile than the human eye. 

Using these instruments enables us to reveal and record 
layer by layer the composition, structure and characteristics 
of materials. Starting at the outside, a beam of electrons, if 
suitably reflected from the surface on to a photographic 
plate, produces a diflfraction pattern which reveals the 
arrangement of the atoms in the outermost layes' of the 
reflecting body - of importance in the study of lubrication, 
polishing processes and other surface phenomena. 

Photomicrography normally records the surface as the 
eye sees it. By sending a beam of electrons through thin 
layers of material an electron image of objects far smaller; 
than can be seen by optical instruments can be recorded 
photographically. X-rays, when suitably reflected from; 
surfaces, form diffraction patterns on photographic plates 
which will reveal the architecture of the molecular structure 
of matter to a depth of a few hundred atoms. X-ray micro- 
graphy, in which X-rays transmitted by layers a few fractions 
of a millimetre thick are recorded on fine-grain photo-: 
graphic emulsions, yields radiographs which when studied ; 
under the microscope will settle such questions as whether 
the copper in a copper-aluminium alloy is in solid solution 
or not. Infra-red photography will penetrate thin crusts of rust 
and reveal, for example, the cause of porosity in tin-plating. 

The now familiar radiographic and gamma ray techniques 
enabie flaws and faults to be recorded even though they are 
embedded in the centre of steel a foot thick. Plates 1 1 and 
12 illustrate how X-rays can show up the faults in a welded 
mesa] junction. Finally, the Betatron, which generates 
20-m ill ion-volt X-rays, is extending this non-destructive 
probing for faults into even gi’eater thicknesses of rnetal. 

Some of these techniques are still in the laboratory stage. 
Others have already been harnessed as industriai tools as a 
result of the development of apparatus which can safely be 
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placed jE the hands of people almost ignorant of physics, 
or tliese techniques, let me illustrate three. 

Spectrographic Analysis 

The conventional method of determining the coinposition 
of materials is by chemical analysis, and this is still the most 
reliable method in the case of non-metals. The engip.eer's 
main raw materials arc, however, metals, and in particuf.ir 
alloys, and here photography in conjunction with tlie 
spectroscope has freed hundreds of people from the bore- 
dom of routine analyses, for it yields, in a few minutes and 
at a fraction of the cost, results which would otherwise 
I involve hours of -laborious work, Spectrographic analysis 
as a technique was handed over to industry almost ready- 
made by astronomers who had perfected it in their efforts 
. to determine the composition of the stars. Industrial spectro- 

, y graphic analysis is based on the ff.ct that when elements are 

heated in, for example, an electric arc, they emit character- 
istic line spectra. In a mixture of substances the intensities of 
the lines of the various elements, as recorded on the photo- 
graphic plate of the spectrograph, are related to each other 
in a way which depends on the percentage present. 

Both qualitative and quantitative analysis of a minute 
particle of a substance is therefore possible in the few 
minutes necessary to expose and process a photographic 
plate and measure the densities obtained with a micro- 
densitometer. 

Absolute methods of quantitative analysis in which the 
densities of the lines are interpreted directly as percentages 
are not yet reliable for a variety of reasons. On the other 
hand, the majority of routine works analysis is perforined 
to keep a check on the uniformity of a product. Accordir-giy, 
specimens of accurately known and qualitatively similar 
composition are used as standards for the production of 
graphs from which the anatysis is read off direct, the spec- 
liTim of tliese comparison standards being recorded for 
f % reference alongside that of the sample to be analysed. In 


ihis way ycry high accuracy can be acliicvcd by a purcl} 
roiitir.c procedure. It so happens that the ''sensinve lines’ of 
inctals (i.e., those which are in evidence wben on!;/ mhrute 
quantibies arc present) lie between 2,000 and 1.0,000 A., and 
are therefore accessible with a quartz spectrograph working 
iii air and recordable orjy by photography. The sensitive 
lines of most non-metals are of wavelengths siiorter 
],S50 A., and here a vacuum spectrograph - a more expens- 
ive instrument - is required. Accordingly, altliough tire 
economy in time and material with which spectrographic 
analysis can be carried out suggests that it may eventually 
replace the majority of routine chemical analytical control, 
as yet its chief industrial application has been metallurgy. 

’ The application of the method to the control of the composi- 
tion of alloys has been one of the outstanding developments 
hi the non-ferrous metal industiy during the past ten years. 
Reiining operations can be followed step by step, and many 
iirms now control their foundry output by this method. lu 
the case of alloys, the reference standards referred to above 
must have a known history, since the intensity of the lines 
in an alloy spectrum may vary according to whether the 
samples are in the as-cast state, the w'rought state or in the 
heat-treated condition. 

The working procedure has been reduced to a simple 
routine by the design of apparatus requiring a minimum of 
adjustments in use, and specially devised photographic 
plates whose characteristics facilitate the easy interpretation 
of the records, 

AiStallography 

From die engineer’s point of view the correct cheinica: com- 
posit.ioji of a structural material is, however, only half the 
hatilc. It may still be useless for his pisrpc-se ii' tlic co.n- 
are not properly combined or the niatcrird is noii- 
homogenous. Unless, therefore, the engineer knovvs his 
material iiierally inside and out he must play for syfely in 
designing castings, struts, and so on, conipensat.ing for 


ignorance in this respect by undesirable dead weight. This is 
costly, and, in such macliines as the modern aeroplane, 
impracticable. 

Fortunately, in the case of metal alloys a thorough 
examination of the surface layers of properly chosen speci- 
mens will provide much valuable information about the 
metallurgical structure of the material. 

The photographic examination of the surface of metals is 
called metallography. Such mechanical properties as hard- 
ness and ductility are related to the microstructure of metals 
and alloys, and numerous defects are directly attributable to 
abnormalities in this structure, which is built up of a mass 
of interlocking crystals. Accordingly, one of the main 
objectives of the metallographer is to obtain photo-micro- 
graphs of polished and etched metal surfaces, recording the 
nature and size of the individual crystals as in plate 29. 
Recording their change in size and nature with heat treat- 
ment, cold working and fatigue has helped to explain the 
basis of these phenomena and - more important - helped to 
bring them under the metallurgist’s control. 

Photography of the macrostructure, i.e., the structure as 
seen by the eye, not only helps in the selection of significant 
areas for photomicrography, but provides a record of mark- 
ings indicative of imsoundness, cracking, segregation, and 
other faults. 

The distribution of particles of sulphide in steel provides a 
clue to the process of crystallisation and can be recorded on 
the photographic emulsion without the use of a camera, 
simply by placing a sheet of bromide paper soaked in dilute 
sulphuric acid in contact with the polished surface of the 
specimen. Hydrogen sulphide is liberated locally by reaction 
between the sulphides and acid, and this in turn reacts wltli 
the silver halide in the photographic paper, forming a dark 
silver sulphide image. 

X-ray Crystallography 

X-ray crystallography is another typical example of tlie 
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development of a research into a works tool. This h a 
icchniquc vvhich reveals the molecular arch. itect are c-f crys- 
tals by a study of the patterns produced wlicfi narrow wave- 
bands of X-rays are diffracted during tlieir passage through 
the material. The atoms of solid substances are alv/ays 
arranged in a characteristic manner wMcIi determine the 
physical properties of the material in bulk. The- vaiioos: 
patterns produced by diifractioii by parallel layers of atoms 
are characteristic of these various geometrical ^groupings. 
The first interpretation of these spectra requires of course 
an e.xpcrt physicist, but from the point of view of r«on- 
ccstructive testing the method can be used in a varie.ty of 
ways by workers who need no more knowledge of the phys- 
ics of the subject than the average owner of a wireless set 
has of the physics of radio. The interpretation of patterns 
produced by a modern industrial X-ray ci^stailogi'aphic 
unit is, in their hands, not so much in terms of crystalline 
structure as on such broad but informative lines as variations 
in heat treatment, corrosion, cold rolling, annealing and 
residual stresses. It is interesting to note that a ‘picture’ of 
a molecule siiov/ing the arrangement of the atoms in space 
can be made by w^orking back from these cliflTaction data. 
A series of masks is made consisting of opaque bands whose 
widths and orientations are calculated from the diffraction 
records. Successive exposures on a single sheet of photo- 
graphic paper are made through these masks and the super- 
imposed record shows the spatial arrangement of the atoms 
in the molecule. This method eliminates the laborious calcu- 
laiions inherent in indirect methods of determining mole- 
cular structure from X-ray diffraction data, and the physi- 
YJst’s picture of a molecule which results is identical with 
that previously deduced from chemical evidence. 

Fabrication Processes 

Turning now to fabrication processes, perhaps the most 
potentiaHy valuable development will be the wider applica- 
tion of a photographic technique which shortened by months 
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ihe period between the design stage and the hrst flight of the 
later types of aircraft. This is the so-called photo-template 
system. A template is a copy or pattern of some part of a 
mechanical structure. It is usually fiat, made of metal or 
wood and carries construction details of the particular part 
which assist the fabrication and assembly of machinery or 
equipment. 

Templates have been used since the beginning of the nine- 
teenth century and some of the more elaborate modern 
forms require as many as 400 man-hours to draw out. More- 
over, the laborious scribing operations involved have often 
to be carried out as many as half a dozen times. It has 
frequently been pointed out that a tremendous amount of 
time could be saved and risk of dimensional errors elimin- 
ated if these subsequent drawings were reproduced on the 
metal by photography. It was, however, the special com- 
bination of circumstances arising in mass production of 
war-planes that brought about practical development of 
this idea. A modern aircraft contains as many as 25,000 
parts, whose outline at some stage had to be drawn on metal 
with an accuracy measured in thousandths of an inch. The 
design serves as a guide when the sheet is cut, filed, drilled 
or punched to make the aircraft part itself or the tools with 
which such parts are made. For the precision inspection and 
assembly of components, accurately made check template 
and assembly jigs are required, all produced from the same 
basic drawings. The high degree of precision essential, the 
complexity of the designs, the frequent modifications as 
design progressed, the need to ensure exact interchange- 
ability of parts made in different aircraft plants and the 
vital need for speed resulted in the photographic reproduc- 
tion technique becoming thoroughly established in American 
aircraft plants. Months of time and many thousands of 
pounds were saved on each design, and it seems certain that 
such methods will find peace-time applications in other 
engineering industries. 

In a typical photo-template technique the design is scribed 



99 


USES OF PHOTOGRAPHY 

op.ce and for all on lacquered aluminium sheets. These are 
n laced on suction copyboards and photographed down on 
glass plates, using precision cameras of the process- 
engraving type. The negatives are then projected in the same 
apparatus on to sheets of aluminium sensitised with photo- 
graphic emulsion (Plate 10). 

The big advantage of this projection system is that the 
scale can be altered when required - for example, to allow 
for different degrees of shrinkage when the metal from which 
a part is to be made is changed, or when preparing small, 
models for -wind tunnel or other forms of examination. The 
projection process is, however, relatively costly to ins.tal, for 
precision equipment is essential if the photographic image 
is to reproduce the original within the tolerances of typical 
specifications. 

.For small parts where no change in scale is involved a 
simpler and cheaper method is to make a reflex copy of the 
full-size drawing on a glass photographic plate and then 
print the negative down on to a metal sheet coated with a 
light-sensitive emulsion. Alternatively, the original drawing 
can be made on a translucent coating on plate glass and 
contact negatives made from this are then printed , directly 
on to the sensitised metal. However produced, the metal 
prints are then cut out and become the templates or patterns 
that go to the shops. 

It is claimed that photographic template methods have 
saved as much as £5,000 in building prototype aircraft and 
shortened the time between designing and lest flight by 
from two to four months as a result of the reduction of time 
required to turn out patterns for shop fabrication. So far, 
orJy the aircraft industry has made any serious attempt to 
e;<pioit the process. It would, however, seem immediately 
adaptable to motor-car and boat-building, even if only to 
facilitate the work involved in making mock-ups, i.e., full- 
scale models in wood, by photographically reproducing the 
original layout directly on the wood, which the biiildcr 
would use immediately without the delay of marking out. 



100 


SCIENCE NEWS VII 


Pliofo-ir.L’chduical Processes 
rhol.)2r:iphi'j prints on rnetal are the basis 
industry - piioto-iithography - and here agfiiu vrar-nirrc 
rc.vc-ardies have made possible considerable simplifiemicn-. 
in the vvoriang procedures. Thus the rapid produc[ion of 
maps in the field was facilitated by the preparaiion of iduc 
plates coated with photographic emulsion on to v-.i>ici'i 
negatives could be prcjection-priiited. A simple processing 
lochnique resulted in iitho printing plates ready for use. 
Altliough this technique simplified piinting plate production, 
it did not cheapen it, and further devclopnisiit of lliirj tech- 
nique may well be of greater interest to business houses who 
already employ simplified plioto-litho methods for prep- 
aring their own literature rather than to litho printers as 
such. 

The introduction of so-called ‘coloured contact screens' 
which eliminate the necessity for skilled hand work in repro- 
ducing half-tone illustrations is however an important ad- 
vance. These screens may well represent the most important 
improvement in the haif-tone process since the introduction 
of the ruled screen itself. They enable the contrast of the 
final printing plate to be adjusted to that of the original as a 
result of making controlled variations in the colour of the 
printing light, and at the same time they automatically yield 
a much closer approach to accurate tone production than 
can be achieved by the conventional half-tone process, 

A typical photomechanical printing plate is in elTect a 
photograph in metal, and by making the original drawling a 
suitable design it became possible to make e?-cceed:ngly 
delicate, metal devices - such as the grids of valves or the 
hair-line resistances known as strain gauges - by Stripping 
the metal photograph ojff its temporary glass support. 

Sometimes, as in the thousands of hair-line gralicuks 
which were used in gun sights, the metal image is left on its 
glass support. By using substantially grainless photographic 
emulsions the lines on such graticules were quite free from 
graininess and could, when necessary, be made so thin that 
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as many as 1,200 separate lines could be produced in each 
niiiiinictrc width. 

Q:iciUty cj the Product 

Radiography. - The wa.r also led to a considerable increase 
in the use of pliotograpliic methods for examining fabricaisd 
articles. The most important of these was radiography -■ tho 
recording of X-ray images on photographic iilm or paper. 

X-ray pictures are essentially shadowgraphs made by 
placing the object to be examined bctwecii the X-ray tube 
and a iluoroscent screen or a light-tight cassette containing 
photographic fJni. The image which is seen on the screen 
or recorded on the film is produced by differential absorpvtioii 
of the radiation during its passage through the specimen and 
when articles made of light rnetal and of low economic 
value are to be examined as manufacturing routine, visual 
inspection of the image is the usual practice. Examination 
of the core of golf balls, flash lamp cells, or of the electrode 
assembly of small radio valves are typical examples. The 
method is also useful for the inspection of lower-grade light 
alloy castings. The photographic method is, how'evsr, 
essential for dense materials, for the examination of fine 
detail and where records are required to meet a specification. 
Typical examples are the checking of the proper alignment 
of the inner components of sparking plugs, shell fuses, 
torpedoes, electrical condenser units and vacuum puiTip.s. 
In some cases visual and photographic inspection, is profit- 
ably combined. Thus the centering of the core of a heavily- 
insulated cable can be viewed at right angles as the cable is 
drawn behind the fluorescent screen. On seeing a susi'iectcd 
region, the operator throws a switch, thus making a radio- 
graph and marking the region in question on tlie casing. 

During the development stage of an assembly, X-rays tvill 
help to demonstrate why a device fails to function, cxampic.s 
being the revealing of the presence of drops of solder whicii 
may cause short circuits, or, in the case of a Bourdon gauge, 
interfere, with the hidden moving member. 
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The value of X-rays as an inspection tool has been ckni;- 
since Rontgen made the first half-dozen radiographs some 
45 3^ears ago, for five of these were typical of the subiecls 
now examined by the industrial radiograplier. The ear;;- 
industrial applications of X-rays were, however, attempted 
with adaptations of apparatus primarily designed for medi- 
cal work, and it was only when equipment specially designed 
for industrial use appeared that radiography came to be 
regarded as an essential engineering technique. 

Typical industrial equipment is mobile and can be applied 
to structures in situ. It thus becomes possible to detcrniiitc 
the position of concealed wiring and plumbing, determine 
the general character of the reinforcement in old concrete 
floors to be used for supporting new machinery or check 
telephone poles in the highways for unsound wood. Repeat 
radiographs of old timber will show whether death-watch 
larv^ are alive by recording any change in their position. 
These are more or less specialised applications, however, 
and it is in the foundry and welding shop that X-ray equip- 
ment has become imperative. 

It is now quite common for specifications to demand 
radiographs of welds and castings, for X-rays will 
demonstrate the presence of cracks, biow-holes and slag 
or sand inclusions which might otherwise be revealed only 
after expensive machining, or remain as an undetected 
menace to the soundness of structures on which our lives 
may depend. Not only does radiography reduce machining 
cpsts by keeping unsound parts from the production line 
but, by showing the nature and location of irregularities, 
it indicates methods of avoiding them, thus increasing the 
yield from such raw materials as castings. Because radio- 
graphy enables soundness to be assessed it often permits 
the use of lower cost materials and fabrication methods, tis 
when sand castings arc substituted for forgings or spot 
welding for slower rivetting. Accordingly, no high-pressure 
welded boiler receives a Lloyds’ Class I certificate unlc; s 
radiographs of every weld are forthcoming, and every liglt: 
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alloy casting used in aircraft construction is first submitted 
10 X-rav examination. The thickness of metal v/hich can be 
penetrated is directly related to the kilovoltage of the X-ray 
set, and a modern portable industrial unit employing 400 
kilovolts will penetrate up to 5 inches of steel For thicke/ 
or inaccessible specimens gamma rays are employed. 

Gamma Radiography 

Whereas the wavelengths of X-rays are approximately one 
hundred thousand times smaller than those of visible light, 
gamma raj^s are nearly one million times shorter, and we 
I'lave to employ one million volts to generate them by the 
technique used to produce X-rays. 

Radium is a natural source of gamma radiation, and a 
radium bomb - that is, a tiny fragment of a radium salt 
enclosed in a platinum capsule in a protective lead cylinder ~ 
is all the equipment required. Exposures of the order of 
several hours are given by removing a lead plug in the cyl- 
inder, and radiographs through 8 inches of steel are possible. 
Radon, which pennits an even smaller source of high 
gamma-ray intensity, is to some extent replacing radium in 
industrial radiography. It is highly probable that artificial 
radioactive elements will also be employed for this purpose 
in the future. 

X-ray equipment has been devised which will yield gamma 
rays. An example is the Betatron, which is essentially a 
specialised form of transformer in which the secondary 
consists of electrons rotating in a ring-shaped vacuum tube. 
At a certain point in the alternating current cycle an addi- 
tional high voltage pulse is applied to the primary, causing 
the electron orbit to expand. The electrons in consequence 
.strike a platinum target, producing million-volt X-rays 
which will penetrate 20 inches of steel - a thickness far 
beyond that economically practical by other means. 

High-speed Radiography 

For the majority of industrial work, an exposure of seconds 
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is of littls consequence, but a new type X-ray tul)o permlis 
ra,diograpbs to be inade with exposures of i/500,000l;h sccciid. 
The tube is so designed that currents of the order of 2,000 
amp. can be passed through it as a result of condenser dk~ 
ciiarge, and radiography of rapidly-moving enclosed rnaebina 
parts, such as pistons or the impeller blades of turbines, 
lias become practical. 

The silhouette photograph of a golf ball at the nioment of 
impact aroused admiration a few years ago, and we had 
hardly recovered from the surprise created by Edgerton'a 
substitiition of a fully-detailed photograph for this silhou- 
ette when with, this new technique we obtained a record of 
how the inner core of a ball behaved at the critical instant 
(Plates 26 and 27), 

Let us now turn to techniques of value in assessing the 
performance of machines and in search into nev/ designs. 

High-speed Photography 

One of the earliest triumphs of applied photography was 
the freezing of the image of events lasting minute fractions 
of a second, thus permitting their study at leisure. The 
subject was illuminated by an intense flash of light produced 
by the discharge of an electrical condenser across a spark 
gap. Various types of circuit have been devised, some of 
which yield a flash shorter tiian one millionth of a second, 

la a convenient modern light source the discharge takes 
place across a gas-filled tube yielding a flash of intensity 
equal to 50,000 40-watt bulbs with an effective photographic 
duration of about 1/30,000 second. The tube has a life of 
well over 5,000 flashes. Typical of the engineering applica- 
tions of such equipment is the photography of an aeroplane 
propeller revolving at high speed and determination of the 
amount of distortion during rotation by making measure- 
ments on the photograph. Plates 13 to 16 show hov,' this kind 
of work can reveal the very rapid feeding movements made 
by some animals. 

Fldshiight technique of this type permits the u.se of an 
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ordiJiary camera. When, however, the subject is Irmiirious, 
specialised forms of camera are necessaiy, Thus, in studying 
ihc pfupagation rale of burning explosives, photograpLiic 
film has been attached to drums drivc-ii at right angles to the 
direction of flame travel and so caused the flame to draw 
graphs which enable the changing speed of the. explosion 
\\R\Q to be measured. Spinning mirrors have been used to 
move the image of such flames over a stationary photo- 
graphic plate and so. record the life history of - explosions' ; 
lasting rniniite fractions of a second. 

I supiiose the most photographed event in history was 
tiie atomic bomb explosion at Bikini, Five hundred cameras 
of many different types were employed and more than- 
] 00,000 still pictures and three million feet of cine-film were 
exposed during the two tests. Much of the data on the poten- 
tial destructive force of these bombs will be based on these 
records. 


High-speed Cinematography 

It is obvious that a cine-film record is a valuable way of 
analysing a movement. For many purposes an ordinary 
cine-camera used at normal speed is quite adequate. Very 
often, howeyer, it is not convenient to photograph the 
actual movement itself. When the ruovements are too small 
they can be magnified by the use of a follower connected to 
a suitable dial gauge v^hich is photographed. When they are 
too complicated, numerous or inconvenient to record 
dii-ectiy, as in the analysis of the performance of an aircraft 
in flight, dials and cathode ray tube screens v/hicli record 
such data as air speed, altitude, bank and stresses and strains 
in various parts of the machine can ail be collecled on one 
panel which is recorded by a normal soe-ed cine-camera 
(Plate 32). 

New fields are opened up when the camera h speeded up. 
Phenomena whose life history is too short-lived to be ex- 
amined by the unaided eye .acquire a new significance when 
the time scale is altered by slow motion (high speed) cine- 
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niatograpliy. Details of displacement and distortion of 
objects in rapid motion are directly observable as a function 
oi time when the film is projected at normal speeds, while 
velocities and accelerations can be calculated from framc-b} - 
frame measurements. 

Typical engineering applications are the observations of 
oscillations or surges in valve springs, the hunting of syn- 
chronous motors, the functioning of telephone relays, 
clutches, ringers and dials; coin-collecting mechanisms; 
contact conditions and the arcing of switches at make-break. 
It has proved of value in studying such diverse problems as 
the behaviour of high-speed loom shuttles and observatioiis 
of warp breakages, the melting of liise wire during a burn- 
out and the detection of gas leakage around the charge in a 
gun when fired. It has been applied to the testing of materials 
in connection with impact testing, stress analysis and bend- 
ing moment, and to the reduction of noise in such apparatus 
as typewriters and accounting machines. Valuable studies 
from the design point of view have also been made on such 
relatively slow-moving machines as milling machines and 
punch and hydraulic presses. Thus it will reveal erratic 
operations caused by excessive deflections and clearances, 
and information relating to punch and die adjustment and 
to the flow of metal during punching operations. 

If the movement to be studied is rotary or rhythmical, it 
is well known that it can be apparently slow'ed down by 
viewing the subject by stroboscopic light of appropriate 
frequency. A typical example is the study of the flow of air 
through a fan blade, smoke being fed into the air stream to 
make the air currents visible. In such cases the record can, 
of course, be made in an ordinary camera, but the method 
is of limited application. Genuine ultra-speed cinemato- 
graphy demands radical redesigning of the camera itself, 
because the film must rush through the camera at about a 
mile a minute, a speed which effectively rules out the possi- 
bility of its normal method of progression - alternate stops 
and starts. 
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A laboratory type makes use of an argoii-fiiled discharge 
tube capiible of hashing from 1,000 to 5,000 times per 
second. No shutter is used on the camera since each flash 
lasts only 1/250, 000th second, and the film does not move 
appreciably during this period. 

In commercial ultra-speed cameras, moving optical dev- 
ices are built into the camera which send the images formed 
by the lens streaming along in synchronism with the rusli 
of the film. Thus, for a very brief time, as the film and image 
flow together, each image is stationary with respect to the 
film. Perhaps the simplest camera of this type is the Eafjtman 
High Speed camera which uses a rotating glass block. 
Although this camera can record up to 3,000 pictures per 
second, 1,000 pictures per second is adequate for the study 
of most machine parts. Naturally, instruments of this typo 
are fairly costly, and since the majority of engineering firms 
could only find occasional use for them, it is usual for them 
to hire the equipment, together with a trained operator as 
and when required. 

Cine-records of the movements made by workers engaged 
on repetition jobs can be analysed in a similar manner in 
order to determine the most efficient and least tiring 
sequence of operations. As an example, a step-by-step 
analysis of a timed cine-record of a girl sorting spools led 
to the devising of a method which increased her output 80%, 
The sorters find the new method less tiring and, being paid 
on an output basis, everyone profits by the change. 

It has been suggested that making such records on infra- 
red sensitive film would have the psychological advantage 
that the worker would not be disturbed by the obvious 
presence of a flood of additional lighting which is necessary 
when ordinary cine-film is exposed in typical workshops. 
The recent spectacular increase in the working speed of 
infra-red emulsions makes such a proposal quite feasible. 

For the so-called ‘micro-motion study’ of repetition move- 
ments a cine-record is not necessary. Instead, small lamps 
can be attached to the moving parts of the operator’s body. 



lOS SCIENCE NEWS Vll 

their light being then recorded over one cycle of tlie opara- 
don by v/orking in a dimly lit room while the camera shutter 
is left open. If the lamps are mads to flash at a uniform rate, 
th© speed of the operator’s movements can be calcinatecl as 
well as their path. "When two hands are em]3ioyed ~ as in 
the case illustrated in Plate 42, saw-tooth modulations of 
different types can be employed in each lamp to mciliiate 
sorting out on the photograph of the movements made by 
each. The figure shows a girl collating the sheets of a manu- 
script. The movements made by her hands along the desk 
are revealed by the intermittent light trace. The greater 
smoothness of movements, speed and economy of effort 
resulting from a rearrangement of the positions of the 
various piles of paper is seen in Plate 43. Messrs. ¥7. H. 
Smith used this technique to study the movements made by 
a typist in making out invoices. This led to a rearrangement 
of the data on the form, which reduced the time of typing 
each form by two-thirds. 

Here again, by working in a room lit with fluorescent 
light - which contains no infra-red radiation - tiie lamps j 
attached to the worker’s wrists can be covered by visually , j 
opaque infra-red transmitting filters and the record made | 
on an infra-red emulsion. This adaptation of a war-dcvel- ? 
oped technique used in training the pilots of night fighters : 
has the advantage that the operator can work under normal 
iilumination conditions and with a minimum of distraction 
due to the presence on her wrists of the recording lamps. 

Fhotoelastk Analysis i 

Many faults in the operation of machines are due to stresses 
whose existence it is impractical to predict at the design 
stage. Valuable guidance can, however, often be obtained 
by the technique of photoelastic analysis. 

A scale model is made of the object to be tested, using a 
suitable transparent material. Loads proportional to those 
acting on the real object are applied to the model, which is . 
then examined by polarised light. An unstrained model 
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pkiced between crossed Polaroid screens appears urnformiy 
black, under tlicse conditions. Whenever stresses ccciir, 
hov/ever, the refractive index of The material is altered and 
bright lines will appear which contour the priiicipal stres:ie.vi, 
providing valuable information as to the internal conditions 
of a similar shaped metal object under similar conditions 
of load (Plate 30). 

i r the model is made of a thermo-setting plastic the stress 
■ pattern can be rendered permanent by. heating tlie model 
while it is inider load. It can then be cut apart for three- 
dimensional stress analysis. Calculation of the stresses in all 
such cases involves measurement of the distribution of the 
pattern, and this is materially simplified by making these 
measurements from photogi'aphic records - particularly 
when the stresses are dynamic in moving parts. Here, a cine- 
film record is the only practical way of assembling the data 
in measurable form. 

Conclusion 

This review has been an attempt to demonstrate how certain 
photographic techniques originating in research laboratories 
have so far contributed to industrial efficiency. 

New ways of harnessing photography as a research tool 
are constantly being devised, for its powers of exact des- 
cription are the very foundation of exact knowledge. 

It was Eddington w'ho suggested that all that could ever 
be known of Nature consisted in essence of pointer readings. 
Certainly the scientific research worker nearly always takes 
pains to arrange his experiments so that the final observa- 
tion employs the sense of sight, and the ways in vvbicli photo- 
grapliy can be used to produce records for visual inspection 
is linrired only by the ingenuity of the worker. Its value for 
recording invisible radiations.is obvious, but even when the 
eye might appear to be an easier or quicker means of making 

record, the camera is often a convenient tool for eliminat- 
ing drudgery and ensuring .accuracy, as when it watches 
dials, counts dust particles, records pressures, and so on. 
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Tiny pulsations due to subtle faults in machines can be 
recorded and enlarged until not only is their presence 
demonstrated, but measurements which reveal their cause 
beoonie possible. The differences of refractive index in the 
lamina of hot and cold air produced by stringing heated 
wires across a wind tunnel can be recorded and intensified so 
that even air currents may be photographed. 

In many cases, such as the movement of the light spot on 
the cathode ray oscillograph, the human eye can only see the 
movement as a blur of light and the moving photographic 
film is an essential tool for reducing the record to intelligible 
form. In others, as in the transient tracks produced in 
cloud chambers by subatomic particles, photography 
is the only way in which a record can be made for subsequent 
interpretation and measurement. When the disintegrating 
atom is embedded in a photographic emulsion the tracks 
made by its debris of charged particles are produced by 
direct action on the silver salts. Measurement of these 
tracks made permanent by development enables the energy 
and momentum of the various particles to be determined, 
thus providing the vital key to the interpretation of the 
atomic explosion (see plate 31 in Science News 5). It can 
therefore safely be claimed that but for photography cur 
hopes of harnessing atomic energy would remain a novelist’s 
pipe-dream. 

I think it will be obvious that many of the techniques 
described are highly specialised and can only operate 
at maximum efficiency when the behaviour of photographic 
materials under a wide variety of conditions is properly 
understood and catered for. It is therefore a matter of regret 
that as yet not one of our leading universities has established 
either a teaching course or a research department on Photo- 
graphy. In Germany, before the war, nine universities 
offered training and facilities of the type required, in Japan 
two and in Italy four, to refer to our late enemies alone. In 
England such courses as are available are intended primarily 
for professional photographers ; and those enterprising 
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iiiduslrialists who wish to make use of this twentieth-century 
tool for solving one of their twentieth-century problems 
must as yet rely on their own resources, or the technical 
service departments of the photographic manufacturers, for 
essential guidance on photography as a record-maker in the 
widest sense. 

However, a committee appointed by the Royal Photo- 
graphic .Society has recommended the establishment of a 
readership in Photography within a British university. Such 
a course would be a valuable first step in ensuring a supply 
of thoroughly competent workers of the type required if 
we are to take full advantage of this potential contribution 
to our industrial efficiency. 


This article is based on two of the Cantor Lectures on Photography 
which the Author gave to the Royal Society of Arts in Marche 1947. 



Matkematical Instruments and 
Calculating Machines ■ 

DR GABRIELE-. RABEL 

Who are eniac, ebvac and edsac? 

If you think they are old Anglo-Saxon kings from the 
days of 10{S6 and all that, your guess is wTong. eniac is an 
Electronic Numerical Integrator and Calculator, anJ 
ED VAC and EDSAC are persons of a similar character.* , 
ENIAC and ED VAC are of American parentage, edsac * 
is English, a native of Cambridge. Their remote ancestor 
is Calculus who, sui-prisingly, was a simple pebble. Thrac- 
ians, we are told, set aside dark calculi to count their dark 
days and white calculi to add up the happy ones. Another 
ancestor is Abacus, a board on whose drawn lines (or rods 
or wires) counters are pushed along. One form embraces 
Heaven and Earth, earthly beads counting as one unit, 
heavenly beads as five. 

No improvement of mathematical machinery is reported 
before Napier’s Bones (1617) wliich were a kind of movable 
multiplication table. The seventeenth century is character- 
ised by vigorous endeavours to ‘rationalise’ mathematical 
practice, relieving the worker from mechanical repetitive 
procedure to free his mind for real thinking. One approodi 
to this goal was to simplify the language of mathcmalic> 
through various systems of notation and the symbolical 
calculus as devised by Vieta, Descartes, Newton and Leib- 
niz. Another path to the same goal was the relegation of all 
mechanical work to machinery. In 1642, Pascal built thc 

* DV stands for Discrete Variable, and DS for Delayed Storage. 

E always means Electronic,” A Automatic, and C Calculator. Ihe 
ENIAC has been in use for some time, the other maciiincs arc .still in 
siatu nascendi. 

tio 
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Anfnmoftictci and, inspired by this addition, rnacliinc, 

I. eibniz made a better one. He is also said to Itave con- 
structed an aigsbraioal machine-for the solving of equations. 

In the early 19tii century, a young mathematics professor 
in Cambridge, Charles Babbage, dedicated his life to the 
idea of sa.ving the time and brains of inatliematiciaiis b]/ 
means of meclianical aids. He devised two types of inachiees, 
which he called Difference En^ne and Analytical Engine. 

The Difference Engine is based on an arithmetical law 
which appears to the layman amiost miraculous. If we form 

J. ie squares of the numbers 1, 2, 3, 4 etc., vve get the series 
1. 4, 9, 16, 25, 36, 49 ... and lind tliat the differences between, 
them are 3, 5, 7, 9, 1 1, 13 .. so that the differences of the 
second order are constant— 2. Tiic first differences of the 
cubes 1, 8, 27, 64, 125 ... are: 7, 19, 37, 61 ... the second 
differences: 12, 18, 24 ... so that the differences of the third 
order are again constant— 6. Somewhere tlie differences of 
any such sequence seem to become constant, and this gave 
Babbage the idea that one can build up tables by adding 
differences. His Difference Engine was to compute any kind 
of tables (e.g. of logarithms and tidgonometrical functions) 
both more quickly and more correctly than was possible 
before- But the machine remained unfinished for lack of 
funds, and for the same reason the Analytical Engine could 
not even be begun - which is a great pity, for it was designed 
in full detail and meant to be a ‘General Purpose Machine’ 
like the eniac. 

Th.e mechanical aids to mathematics are of two distinctly 
different types which Professor Hartree distinguishes as 
“Mathematical Instruments’ and ‘Calculating Machines,’ 
while the Ainericurj engineers call them ‘Analogue’ and 
‘.Digital’ machines. It is essential to undei'stand what con- 
btiUitcs the dinerence between them. ■ 

Two matr.ernatical instruments, the Slide Ride and die 
Planimeter, arc widely ■ known. The purpose of the piani- 
meter is to find the area of a figure encompassed by a given 
curve. If a pointer connected to a wheel is made to follow 


this cune, its sideways movements combined with tlic 
revolutions of the wheel make it possible to read off the 
area under the curve. Mathematically one finds the area of a 
rectangle by multiplying width and height. If a figure has an 
irregular contour, one can divide it into a great number of 
narrow rectangles and sum up these small strips. If the strips 
are supposed to be infinitesimally, narrow and their 111111106.!- 
infinitesimally great, the summation is called integration 
and the rough-hewn sign for a sum Z mellows Into the 
more elegant yet v/idely dreaded sign | which denotes an 
integral. The planiraeter achieves mechanically what inte- 
gration achieves mathematically. The figures submitted to 
the planimeter are often symbols for physical quantities, 
e.g. the indicator diagram which measures the efficiency of 
a steam engine. Otherwise the curve may represent any 
mathematical function whatever. Some of the most com- 
plicated instruments called Integraph, Integrator or Differ- 
ential Analyser may be roughly described as one planimeter 
working on top of another. One integraph uses optical 
methods. It measures very small and irregular areas by the 
amount of light they transmit. Another much-used type of 
‘Analogue’ is the Electrical Model, especially handy for 
the solution of flow problems. To find the distribution of 
the current in an extended network by computation implies 
the solution of a great number of linear equations ; it is 
easier to build a model of the network adjusted to the given 
conditions and to carry out simple measurements. Such an 
electrical model can be used for networks of any kind, 
because the laws of flow are similar for electric charges, 
gases, water, steam or heat, and it is simpler to insert an 
ammeter into an electric circuit than, say, a flow meter into 
a pipeline. 

These few examples suffice to illustrate the principle of a 
mathematical instrument or Analogue. Numerical data arc 
not used directly for computation, but translated into physi- 
cal quantities. In the slide rule, numbers are represented by 
lengths, in the planiraeter by lengths and areas, in the 
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eiecifical models by amperes, ohms and volts. We might 
perform a simple multiplication such as 13 X 0.74 by using 
the formula Yoltage=^Currentx Resistamee. If we send 
through a resistance of 13 Ohms a current of 0.74 Ampere, 
we may read from the voltmeter the product 9.62 Volts. 

But obviously the result is burdened with all the inaccura- 
cies of measuring instruments and there is a limit of accuracy 
even for the finest instrument. 

The situation is completely different in digital machines. 
They deal with numbers as such and usually count some 
discrete events, e.g. electrical signals. They cannot, like the 
Analogues, handle continuously varying quantities ; if asked 
to solve differential equations, they must confine themselves 
to summation and cannot pass on to integration. But their 
accuracy, not depending on physical measurements, is the 
same for the 10th or 20th decimal as for the first. 

It is not the purpose of this article to describe any one 
machine fully. I have only tried to clear up, first for myself, 
then for others, the elementary principles of such contriv- 
ances. This, I found, can best be done by reverting to the 
first modern calculating machine as sketched by Babbage a 
century ago. At that time the Jacquard Loom had just been 
invented and its. punched card method was eagerly seized 
upon by Babbage. He writes : ‘The Jacquard loom weaves 
any design which the imagination of man can conceive. 
The patterns designed by artists are punched by a special 
machine in sets of pasteboard cards and when these cards 
are placed within the loom, it will weave the desired pattern 
- either as a damask cloth if warp and weft are of the same 
colour, or using different colours.’ ‘The analogy of the 
Analytical Engine with this well-known process is nearly 
perfect. The Engine consists of two parts : (1) the Store in 
which the variable to be operated upon and the results of 
operations are placed; (2) the Mill into which the quantities 
are brought to be operated upon. Every formula which the 
Engine can be required to compute consists of algebraical 
operations to be performed upon given letters and of modi-; 
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lications depend iiig on the numerical values assirne-J to 
these ieUers, There are therefore two sets of cards, tlic first 
to direct the nature of the operations, the other to direct 
the particuiar variables on which those cards are required 
io operate ... The Engine is of the most general natarc. 
Whatever formula it is requested to develop, the lav; of its 
deveiopment must be cornniunicatcd by tv/o sets of cards.' 
Some professor inquired what the rnachine could do, if in 
ihe midst of algebraical operations it was required to use 
logarithms or trigonometrical functions. Babbage answered 
that the machine might compute the desired numerical 
values in the shortest possible time, but that it might also 
use punched card tables. ‘Suppose the engine required the 
logarithm of a given number, it will stop, ring a bell and 
ask for it. Thanks to the configuration of holes, only the 
right logarithm v/ili fit the given number. If the attendant 
has brought the WTong card, the Engine will ring a louder 
bell’ Babbage adds : ‘It wdll be an interesting question which 
tirne only can solve whether tables on cards wdll ever be 
required, for the computations made by the Engine are so 
rapid that it may make shorter work by computing direct 
from formulae.’ 

The problem is not solved yet. The eniac uses ready- 
made tables, another A-merican machine does not. And 
concerning a ‘punched card memory’ Professor Hartree 
reasons that ‘though it greatly increases the power and range 
of the machine, it does so at the expense of the speed and 
fully automatic character of the wojrk.’ It is still true tliat 
cards require human attendance, and humans arc so 
stow! 

One of Babbage’s greatest worries was the carrying over 
of the tens. In principle the problem v/as solved by Leibniz’ 
toothed ‘stepping-iip wheel’ which, when passing from 9 to 
0, moved another wheel by one tenth. But what troubled 
Babbage was the time required for the carriage, ‘I eoiicliidcd 
that nothing but teaching the Engine to foresee and then 
act upon that foresight could achieve an unlimited number 
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of carriages in one unit of time/ He actually succeeded iri 
de’i'ising a mechanism by which all the niovemeiils the car- 
riages required when adding twm ten-digit numbers were 
made at once instead of successively, and he estimated tliat, 
if did velocity of the moving parts were forty feet per minute, 
one addition or subtraction could be completed in one 
'■;secoad. 

The ENiAC completes 5,000 additions in one second. 
The punching system for giving instructions and for register- 
ing results is still in use, a card reader scans the piinclied 
cards and electrical contacts are made through the holes. 
Thus the card data are conveyed to the ‘Constant Trans- 
mitter’ which makes them, in the form of electrical signals, 
available to other units. Babbage’s two sets of cards are 
supplanted by two sets of communication lines - pro- 
gramme lines transmitting pulse groups which represent 
instructions, and digit lines transmitting pulse groups which 
represent numbers. Further all the thirty eniac units are 
pennanently connected to a third set of lines which supplies 
a standard pattern of pulses from the Cycling Unit. This 
contains an oscillator which runs at 100,000 cycles per sec- 
ond. By a Pulse is meant a change of voltage, positive or 
negative with respect to some reference level. Each pulse 
lasts two microseconds (0.000002 seconds). The standard 
pulse pattern is repeated every 200 microseconds. This period 
is the unit of time for the eniac, for it is the time it takes 
for an addition. Other operations require multiples of this 
period, e.g, a long multiplication takes 13 addition times. 

The pulses are the money which causes the machine to be 
a going concern. The Cycling Unit is the mint which issues 
the coins, the constant transmitter a bank or clearing bouse. 
The pulses distributed to the various units stimulate the 
operations ail round and synchronise them. When one unit 
has finished its work, it may transmit a pulse to another 
unit as an order to perform in its turn. 

Each of the thirty units has more than one fonctiou. 
Their electrical interconnection depends on the plan of 
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operations and is done by hand, but when once set, the 
n"iachine performs extended sequences of cojiiputations 
aulomaticaliy. Special instructions are given to each vciit, 
but a 'N'faster Programmer’ controls the work as a 
ntiolc. 

The basic unit is the Accumulator. An accumulator is a 
storing device. The chemical accumulator stores energy, the 
ENIAC accumulator numbers. But it also adds numbers. 
This it does through electrical counters. Each accumulator 
contains 10 decade counters and each decade counter 10 
gadgets with the rather flippant-sounding name ‘flip-flop’. 

A flip-flop is a pair of vacuum tubes, each of which pos- 
sesses three electrodes (a triode), namely (1) the Cathode 
which when heated, emits electrons, (2) the A..node which 
receives the electrons, and (3) between anode and cathode 
the Grid. If the voltage applied to the grid rises above a 
certain amount, current flows from the anode to the 
cathode. 

Vacuum tubes of this kind often act as amplifiers, but 
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here they perfornt another service. The emission of a signal 
depends on whether a tube does or docs not conduct, while 
the magnitude of the current is irrelevant. When a tube is 
non-conducting, there is a considerable difterence of pote.n- 
tial between anode and cathode, but when current iiows 
through, the anode potential drops and at this moment it. 
emits a negative signal to the outside. When its voltage rises, 
it emits a positive signal. 

The two triodes of each flip-hop arc so interconnected 
that never do both tubes conduct at once. A tlip-fiop is said 
to be ‘on' or ‘set' when its left-hand valve conducts and then 
only an indicating neon lamp glows. When the right-hand 
tube is conducting, the flip-flop is said to be "off’ or ‘rc-set'. 

The ten flip-flops w'ithin a decade counter represent from 
left to right the digits 0 to 9, while the whole decade repres- 
ents one place of a ten-digit number. Suppose the number 
6,093,528,012 were held by the accumulator, 6 would 
appear in the first decade counter, 0 in the second etc. The 
counters count electrical pulses which come, directly or 
indirectly, from the Cycling Unit. The 10 flip-flops within 
a counter ring are so connected that at any time one of them 
only can be ‘on’, and that reception of a new pulse (which 
alters the grid potential) causes the one flip-flop which is 
‘on’ to be re-set and its successor to be set. This is the actual 
counting process. It means that the counter advances, say, 
from stage 4 to stage 5 and, after the next pulse received, to 
stage 6. Not all adding machines operate thus by actuiii 
counting. Some use addition tables. 

When a counter has reached stage 9, and receives a further 
pulse, the last stage is re-set and the first is set, while at the 
same time a carry-over pulse passes to the next decade. 

Subtraction is treated as a form of addition, grocer fash- 
ion. When you give your grocer a pound and your bill is 
il/6, he will not say 20 minus 11/6 is 8/6, he will add on to 
M/6 until he reaches 20, Here is an example of how it is 
done. P means plus, M minus. If 801 is to be subtracted, 
from 527, the complement 10^° minus 801 is added. Thus; 


The last line is equivalent to (-274). There is a speciai 
niechaiitism through ';Vhich an accumulator can deliver the 
complement of the number which it holds. 

Muitiplication can be done by repeated addition, and 
division by repeated subtraction. But the eniac uses a 
xnultiplication table and has a special square-rooter and 
divider. Division always takes much time, but in practice it 
can mostly be avoided. 

Each accumulator has channels for receiving and trans- 
mitting digit pulses and others for programme pulses. What 
it does when a programme pulse reaches it, whether it 
receives or transmits, whether it does so once or repeatedly, 
whether after transmitting a number to another unit it 
continues to hold it or clears it away, depends on the position 
of switches on the programme channel. 

There are no speciai devices for solving algebraical and 
dilferential equations. The formulae are broken down into 
sequences of simple arithmetical operations, integration 
into step-by-step summation ; the machine evaluates squares 
or cubes or roots and adds or subtracts the results. A group 
of operations may have to be repeated many times, or again 
the regular repetition may have to be interrupted. Sometimes 
the moment for a change in operations cannot be specified 
beforehand and the results themselves determine auto- 
matically which course the machine should follow. Indica- 
tions for a new course may be a negative sign, or equality 
of two numbers, or a certain difference between them. 

That the various units must be connected by hand, using 
legions of plugs and switches, is one of the drawbacks of 
the ENIAC. Another imperfection is its insufficient storage 
capacity. There are only 20 accumulators and each of them 
can only hold one ten-digit number. Further the eniac’s 
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requirements in space and electric eqidpmeni are enormous 
~ 18,000 valves, 5,000 switches, 150 kiiowati power. 

T;ie new machines now under construction v/iil work with 
one tenth of the valves and of the power and will connect the 
various units autoiiiatically. The edvac is deveicped in 
America, the ACE (mentioned in Science News 5) in the 
National Physical Laboratory in Teddington, and th.c- 
EDSAC in Cambridge by the director of the Matbemabcai 
Laboratory, Dr M. V. Wilkes, who specialises in conibining 
mathematics with electronics. The common feature of these 
machines is a new and surprising method of storage. A six- 
foot tube filled with mercury terminates at botli ends in a 
piezo-electric quartz crystal. Such a crystal transforms pres- 
sure changes into electric impulses and vice versa (see Page 
49). Thus, if signals in the form of electric waves reach the 
entrance quartz, it transforms them into, high frequency 
sound waves. These travel through the mercury column 
and the second crystal reconverts them into electric impulses. 

In this fonn they make their way back to the first quartz 
and keep circling round like a moving staircase. The different 
rhythms or patterns of the signals represent partly instruc- 
tions, partly numbers. As they leave the mercury tube, they 
can be selected and switched into the operating circuits so 
as to enter into the required operations. 

Each ‘memory-unit’ consists of 16 tubes containing 200 
lb. of mercury. Dr Wilkes plans to employ two such units 
with a total storage capacity of 5Q0 ten-digit numbers, iie 
hopes to have the machine ready for a rough testing by the j 
end of 1948. Refinements are to be introduced later. i 

The new machines will use a new counting syslein, The ‘ 

fact tliat valves have only tw'O positions, ‘on’ and ‘off’, has ; 

suggested the application of the binary system of notation s 
instead of the customary decimal notation, i 

In the latter the symbol 11 il moans 1 X 10'^ -|- 1 x 10® -f- I 

'iXlO'- 1x10'^— 1111, In the former the s3'mbol illl ( 

means I x 2“ -i- 1 x2^ -f 1 X 2^ -I- i x 7 .^— 15 ; and tlie symbol i' 
lOiO signifies i X 2^ -f 0 x2® + 1 X 2'+ Ox 10. ^ [ 
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There arc no other figures but 0 and L A closed valve 
transmits no signal, an open valve one. A second signal 
reaching a valve necessitates carrying over as the tenth does 
in a decade counter. All this looks very awkv/ard, but tiie 
system requires less complicated equipment. 

A machine which can make 1 million multiplications in 
an hour, opens new possibilities. A scientist need no longer 
shrink from tackling a problem which requires several mil- 
lion multiplications, he need only give instructions to die 
machine, which will accomplish the work in a day. Quite 
a iiumbcr of kientific domains are mentioned which baffle 
the physicist, not by the difficulty or profundity of the 
mathematical operations implied, but by the sheer amount 
of numerical work to be carried out and the multitude of 
equations to be solved.* This type of perplexity has faced 
scientists dealing with the structure of atoms and molecules, 
the movements of water and air, the results of X-ray 
crystallography. But the whole realm of statistics and ec- 
onomics, too, is waiting for the machine. 

The 'Electronic Brain' 

It is always much easier to introduce a false term than to 
evict it. The term ‘electronic brain’ has probably come 
to stay, but it must be handled with care. 

Professor Haitree explains: ‘The automatic control of 
the computing sequence by the results of the calculation 
itself endows the machine with “judgment” in a restricted 
sense, and I think it is this, or possible developments of it, 
which has led recently to the use of the term “electronic 
brain”.’ But it must be clearly understood that the situations 
requiring this judgment, the criteria to be applied, the 
assessment of the results of applying them and the decision 
on the action to be taken on the basis of this assessment, all 
have to be foreseen and appropriate instructions to be 
worked out in setting up the machine. It can only do strictly 
and precisely what it is told to do. 

* for instance, see Science News 6, page 72. 
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‘It is disconcerting how literally it takes even the most 
“phoney” instructions* ... Tt will go on for ever, say, trying 
to divide by zero, which no human computer would do. 

Dr Wilkes obsen'es that the eniac is the equivalent of a 
desk calculating machine plus operator, the operator being 
a moron who cannot think but can be trusted to do exactly 
as he is told. 

In a letter to the Times (7.11.46) Professor Hartree ad- 
mitted that the eniac exercises ‘a certain amount of judg- 
ment’ Vv'hereupon Sir Leon Simon asked what exactly was 
meant by this plirase, and suggested that Hartree’s left hand 
had given back w'hat his right hand had taken away. Har- 
tree, after repeating the above quoted description, added : 'It 
is this faculty of selection of one procedure from several 
alternatives on the basis of specified criteria that is meant 
in writing of a machine as exercising a certain amount of 
judgment - a certain amount. The machine can only deal 
with those situations covered by the instructions supplied 
to it, and every step has to be foreseen and thought out by 
the operator and supplied to the machihe as operating in- 
structions,’ 

It is interesting that Babbage too ascribed judgment to 
his Engine. I make four objections against the phrase ‘a 
certain amount of judgment’: (1) Judgment is a faculty 
which one either has or has not. It is the knowledge and 
training that form the basis of correct judgments of which 
one can have a certain amount. A farmer may show ex- 
cellent judgment as to crops but none as to Kant’s philos- 
ophy, while a profound judge of philosophy may be unable 
to judge crops. Has each of them a certain amount of judg- 
ment? (2) Judgment must be conscious. If a horse finds its 
v;ay to the stable while asleep, it does not exercise judgment. 
(3) It must be possible for a judgment to be false. The 
EN! AG’s judgment is necessarily correct. But if it did make 
a mistake, whom would the engineer scold, the machine or 
himself? Judgment and responsibility are inseparable, even 
in courts of law. (4) To judge and to assess a criterion arc 
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mental faculties, and to ascribe mental faculties to a madiioc 
may appear as one step towards declaring that “mar* is 
only a machine” - quite against Professor Hartrcs's own. 
intentions. Others have found it possible to. describe the 
aciivities of the eniac without using these terms. 

Sir Charles Darwin, again in that instructive Tiin?:; 
correspondence, wrote: ‘In popular language the v'ord 
•‘brain” is associated with the higher realms of the iataliact, 
but in fact a very great part of the brain is an unconscious 
automatic machine producing precise and sometimes very 
complicated reactions to stimuli. This is the only part of 
the brain we may aspire to imitate.’ 

Let us imagine some future machinery imitating in ail 
details the activities of our brain. You may call it boldly an 
electronic brain, as long as you do not imagine that a brain 
thinks. The term ‘electronic brain’ is only dangerous if 
iipplied in the spirit of Karl Vogt’s much-quoted dictum 
that the brain secretes thought as the Iddney secretes urine, 
and if it aims at confirming that shallow creed that man is 
only a machine, Tliere is no harm in using it if we realise 
that it is not the brain but the mind which thinks, that our 
mind is not the product of the brain, that generations of 
minds have biiilt up the brain as generations of engineers 
have built the calculating machine and that the mind uses 
the brain as an engineer uses his calculating machine. 

D. R. Hartree, Nature, 20th April, 1946 and 12th October, 1946; 
Cakulating Machines, Inaugural Lecture, Cambridge University Press, 
1947 ; Journal of Scientific Instruments, vol. 24, July, 1947 ; Royal Naml 
Scientific Service Journal, July, 1947; M. V. Wilkes, The SNIAC, 
Electronic Engineering, 19th April, 1947; Golds! one, Matheniaucrl 
Tables and Aids to Cumputuiion, vol, 2, p. 97, 1946. Cornplet*; descripiion 
of the ENfAC. 
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KisoT ROPjc crystals are crystals which have diliorcnt physica* 
properties according to the way you look at th-cin. Thus such a 
crystal may show a greater resisLance to the passage of ii:i evecsriu 
current when its east and west faces are connected In the .hreuit, 
than when it is turned ninety degrees and connected through its 
north and south. Anisotropy is a reflection of dissymrnetr}' in the 
internal molecular make-up of the cryskii, 

Ballistician : One who studies the mathematical laws governing 
the aiming and firing of projectiles. 

Bitumen : crude tar. 

Chemotherapy: The study of chemical substances which may be 
valuable in the treatment of disease. 

Coronary Thrombosis; The heart, like other organs, has a 
special supply of blood io nourish its muscle, in addition to the 
great mass of blood which it pumps through every minute, A 
coronary' thrombosis is the name for the sudden clotting of the 
blood in one or more of the special cardiac blood vessels, the 
supply of nourishment to a part of the muscle bemg thus arrested. 

Enzyme ; A general term for certain protein chemicals px-oduced by 
living cells and capable of bringing about various chemical 
reactions, thouglx present only in traces. They are the parts of 
digestive juices which break up and dissolve the fat, starch and 
meat of food; they are also responsible for fermentation; the 
word 'enzyme’ in fact means merely ‘in yeast.’ 

Pellagra : A disease in which the chief symptoms are diarrhoea, 
a peculiar symmetrical deitnatitis (inflammation of the skin) and 
often mental changes (dementia), the whole being curable by a 
suitable nutrition. 

r HLEsrrss : Inflammation of the walls of veins, often associated with 
the clotting of blood in the vein, near the damage. 

Sacch ARiMETER : An instrument for measuring the amount of sugar 
in a solution, usually through the measurement of some simple 
physical property of sugar, such as its power to rotate the plane 
of pola risatioii of polarised light. 
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Editorial 

Facts, and more factsl-.cry the laboratory scientists, bang- 
ing their fists with approval on the bench, . and jolting some 
apparatus la course of constructicii. But what’s their 
sigiiiiicaiice? say the natural philosophers, looking up frosri 
their desks, leaving the mkture of doodles: and speculaiio.ns 
■scribbled on the paper before. them. And the two groups eye 
one ancther with suspicion and mistrust. Which camp you 
work in is a matter of temperament, and the sad truth is 
that so few' are capable of work in both. Yet both arc 
essential to the progress of science. All the time, the c.;iperi- 
menier is battered by a flood of inclioale sensations arriving 
simultaneously through all his senses to his brain: how' 
shall he select the significant, direct liis powers of concen- 
tration.and interpretation, except by reference to some 
theory previously acquired, and now perhaps so completely 
absorbed as to be a part, of the unquestioned dogma of his 
everyday life? 

Ideas we must have, and without ihera facts are nonsense. 
But ideas, like practical methods, are best out in the open, 
where sver3''ons can see them for what tiiey are, with their 
little invalid assumptions and shoddinesses, it is ou'’ faith 
and our policy to emphasize the thought over the fact in 
the fields of science our articles review, and wc shall do tbjs 
more and more in later issues. In tlris way wc hope ro)! 
niereiy to provide a mental map on which the Dsetuai d'^talls 
can later be inscribed, but further to stimulate tlic .-irogi-ess 
of Science itself by drawing nttention to ideas of Oi!C- 
spec.'Laiity which may find a use -hr another, unrelated no it 
for often a single new intellectual approacii proves fruitful 
o'.er a wide area. 

Tills issue open-s with an account of how the arcluculogist 
goes to work, and closes appropriately witli a study of tliA 



subject which has made our culture materially so dirferejic 
i’-om the preceding Stone Ages — Metals and Alloys, Dr 
Fox, in an article which repays careful study, discusses the 
underhung principles in the production of alloys, and the 
problems of modern metallurgical research. His essay can 
be profitably read with the article on Metals by SirLav/rcacc 
ilragg which apiiearcd in our first i.ssue. Tn What the Earth 
Is Made of, Lieut. -Colonel Tillotson excavates a good deal 
deeper than the ten feet or so of surface soil which interests 
the prehistorian, and describes how^ eartliquakes and arti- 
iicial explosions are used to probe the composition of the 
underlying strata: and to search for oil. Mr Haslett dis- 
cusses the origins of Coral Islands, and the light thrown on 
this problem by recent excavation, in his Research Report. 
Viscosity, by Dr Beil, is an elementary introduction to the 
modern conception of the liquid state, which is exemplified 
also in a note on Glass. Group Psychotherapy explains the 
general approach in the psychological treatment of neuro.sis. 
Demography, Science and Administration is a critical dis- 
cussion of the study of population and its vast importance 
for modern government, which can only apply controls 
successfully to a society whose size and composition are 
known. Throughout, our contributors are striving to give a 
critical, balanced account, to reveal how the new ‘facts’ were 
obtained and what their significance is taken to be. We want 
to offer something more valuable than knowdedge, and 
that is Understanding. ■ 


Scientific Prehistory 

L W. CORNWALL 
What is Prehistory? 

Written records of the past are the rav,' niateriai of 
History - but what of the long career of mankind before 
\vriting was invented? That is the field of the science of 
Prehistory; In the Near East writings arc found from as 
early as about 4000 years b.c., but in Britain Julius Cresar’s 
account of the first Roman invasion brings our prehistoric 
period to an end as late as 55 b.c. 

The prehistorian compiles his account from the traces 
left of their lives and activities by peoples without writing. 
His principal helper is Archaeology, the science w'hich 
studies human culture through its material equipment, but, 
especially for the earlier part of man’s story, many other 
sciences have an important contribution to make. 

In this sense, palteontology and geology are the hand- 
maids of Prehistory. They enable us to discover something 
of the biological origins of the human race and of the nature 
of the world in which the earliest men lived, their way of 
life and relation to their environment. Another contributor 
is comparative anatomy, which concerns itself with their 
rare skeletal remains and gives us some account of their 
forms and faces. Archaeology takes a hand when their 
practically indestructible stone implements are in evidence 
and becomes the principal instrument in exploring the later 
periods, when, with advancing material culture, remains of 
the homes, villages, cemeteries, tools, w^eapons, ornaments 
and so on of ancient man become available for examination. 

Many of the rarest and most instructive relics of man’s 
remote past, such as skulls, bones and stone implements, 
have been discovered by chance when digging foundations 
9 



for buildiiigSj levelling roads or working gravel. Many 
others must have passed, unnoticed and unrecorded by 
science, into concrete-mixers and brick-kiins. Some few 
have been saved from a similar fate by the devoted vigilance 
of enthusiasts and the co-operation of nianageTs, i'crenien 
and labourers. 

Most prehistoric material, however, lias been obtained by 
systematic excavation, in places where some chance dis-v: 
covery iias shown the presence of ancient remains or where' : 
actual evidence of man’s occupation or activiries can still 
lie discerned at the surface. . 

Having assembled his finds, tjie prehistorian cleans, re- 
pairs, reconstructs and studies them, trying to extort, frora 
the objects themselves and the circumstances in ivhicli they 
were found, every piece of information which they can yield 
as to their nature, use, method of manufacruie, how they 
came to be where they were found, what sort of men made . 
or owned them. By comparison with similar specimens 
already known quite a detailed picture of the persons, the 
world and the lives of an ancient people can be compiled. 

The work is not finished until it is published, so that not 
only conclusions, but the evidence itself and the argument 
leading to the conclusions, are available to anybody inter- 
ested. in digging up a site the excavator has destroyed the 
text of an ancient document. The finds are only illustrations 
to it. Nobody can ever again read what it contained unless 
he reconstructs the site in a publication, describing every 
detail observed in the field, whether he has understood its 
meaning or not. As knowledge advances, in tlie future,, it 
may easily be found that his conclusions v/ere quile mis- 
taken, but, if the facts are all there, better-informed pre- 
historians may be able to give a more accurate interprela- 
tion. 

What the prehistorian finds ~ and whai he doesn't; 

Let us imagine a relatively advanced prehistoric homsstead, 
such as Little Woodbury (Plate 9), of the irnmediateiy 


pre-Roman Early Iron Age. If the pl/ice was merely aban- 
doned and left to rotj hardly anything of use to the in- 
hnbiiancs w-oiild be left behind, but v/e slioulci still be able 
to glean soroething from the rubbish. If, on the other hand, 
it v-'a> suddenly destroyed, as by lire, a great many objecls 
of interest to tis might escape the eyes of the salvagers and 
remain, buried in the ashes, to be revealed by the excavator. 

The steading was, perhaps, surrounded by an cartlivvork 
or a stockade. We should find the bank and ditch, or ihr 
post-holes, identify .the gateway,' the stock-corra!,: the 
granary and the store-pits. These last would contain a 
certain arnoant of interesting remains ~ discarded fragments 
of tools, utensils and finery, along with liie nsiiral household 
and farmyard rubbish. The house was probably of vrood. 
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Fig. i. — Plan of posi-holos, pits anJ drains of an Early iron .Xv>i 
hou^v.* at Litlle Woodbury, Wilts. The post-boles shown in full bhcL 
repres-ent those of the latest reconstruction, replacing those shaded, 
of earlier dale. 

(Eersu: Excavations at Little Woodbury, Wilts. Proceeding-: r-.f 
the Pr-ehktoric Society, 1940.) 


v.ith a thatched roof, of wdiich only the post-holes or 
charred .stumps of the timbers would remain. There may 
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have been wattle hurdling daubed with day for the walls, 
if this had been burnt the impressioii of the hurdle nright 
be left for us to find. Of course there would be pottery, but 
many of the other household fittings and utensits must have 
been of wood. All this, with basketry and woven textiles, 
would perish, but clay or stone spindle-whorls and loonv 
weights would survive to testify to the manufacture and use 
of textiles. Nothing made of hide, horn, sinew or gut - all 
useful primitive materials - would remain, but bone and 
deer-antler implements might be preserved - blade-bone 
shovels and antler-picks, pins, weaving-combs, etc. - and 
even, perhaps, much-corroded iron tools - axes and bill- 
hooks. The rest of the farm implements, mostly of wood, 
must have rotted. Of clothing we would find only bone or 
metal fittings and ornaments - pierced animal-teeth, shells 
and beads for stringing, bronze brooches and so on. Sling- 
stones, flint arrowheads and metal weapons may have- 
survived; of food, only the meat-bones and perhaps car- 
. bonized grains of corn. 

In peat-bogs and other waterlogged deposits, objects of 
wood, basketry-, textiles, leather, grains, fruits and seeds are 
occasionally preserved to give us a glimpse of how much is 
generally lost (Plate 13). 

For still earlier times, when men lived in caves or in 
the open and had a much scantier equipment than this, 
there is even less to show - flint and other stone implemefits, 
bone tools, meat-bones and, perhaps, a few pierced teeth, 
shells and other ornaments. Even potteiw, the standby of 
the later periods, is lacking, but the caves have yielded clay- 
modelled animal figures and pictures, chiefly of animals, 
engraved, carved and painted on the walls. 

fV/'iar is a "dig’ and how is it done? 

(a) Where to dig. 

The flint hand-axes and flakes of the earliest men, and 
their very rare bones, are generally found by chance in 
commercial excavations — gravel-, sand- and clay-pits, and. 



occasionally, in limestone quarries which expose the filling 
of ancient caves. The bones of extinct and still-surviving 
species of animals among which they lived are found in 
the same places. This stage was the Old Stone Age or 
PalcTolithic period. In the later part of it the climate of what 
is now temperate Europe became almost arctic at times. 
Mankind took to caves in limestone rocks anti over-hanging 
shelters (Plate 8), and it is in, and in front of, these places 
that their tools, animal bones, wall-paintings and, some- 
limes, their own remains are found. 

Later, forests covered most of the land. Middle Stone 
Age, or Mesolithic, men lived in the more open places - 
sea- and lake-beaches, in fens and bogs and on sandy 
wastes. Mounds of shells and rubbish, the waste from their 
beaclicombing and hunting, yield evidence of their way 
of life, as well as their tools and sometimes their skele- 
tons. 

Soon we find the first settled communities tilling the soil, 
stock-rearing and (most important for us) using pottery. 
Their settlements are found on the open Chalk downs and 
hill-tops, associated with the long barrows, cairns and 
chambers of huge stones which they built as communal 
tombs (Plate 2). 

Round barrows and other circular monuments, such as 
Stonehenge, belong to the Bronze Age, though it is likely 
that some of them, at least, continued to be used and 
venerated up to historic times. There are also cemeteries 
of cremated burials in pottery urns, of the later Bronze 
A.ge. Only very few settlements of these people are known. 
Apart from their graves and temples, chance-foiind ’’hoards’ 
of bronzes, probably the stock-in-trade of travelling sniiths, 
tell us almost all we know of Bronze-Age equipment in 
this country. ' 

Many commanding hill-tops are crowned with forts and 
earthworks dating from the Early Iron Age (Plate 3). 
We also know some habitation-sites and widespread field- 
systems of the time. The latter are often marked by 



'■lynchels* ~ banks of earth formed by the gradual downward 
creep of ploughed soil on the liiiisides. 

Prehistoric sites may show on the surface as mounds and 
depressions, save where the plough hasJevelied them. Even 
so, their presence is often revealed in air-phot-cgrirph- 
f Plates 6 and 19) by differences in colour of the crops ; dart: 
whore the soil is deeply disturbed; light where wails and 
impervious structures are only thinl>' covered. 

Two of the newer methods of plotting the limits ci 
layout of an ancient site are resistivity-surveying and 
phosphate-determinations. The former relies oo difference 
in electrical resistance between disturbed and undisturbed 
subsoil ; the latter on the phosphate-content of soil-samples 
from dilferent parts of the site - greatest where human 
occupation has been most intensive and continued. 

(b) How to dig. 

When the excavator takes out his first trench on a 'digy 
he is opening a volume with four dimensions - three 'in 
space and one in time. Wliat he finds may be compared 
with the torn-iip shreds of a document from a rubbish-heap. 
Certainly more than half the pieces are missing and the ink 
has run on those that are left. 

No man can be his own expert in every scientific speciality 
which touches Prehistory. Like a detective, the excavator 
co-opts expert witnesses to examine and report on his finds 
and uses their conclusions to help him to construct a co- 
herent story. He must be able to recognize, in the field, what 
may be worth submitting to one of his specialists, and, to 
that extent, he must know a little of the methods and liniita- 
tions of the sciences concerned. 

Before digging can begin, there must be a‘ detailed survey 
and recording by scale-plans and photographs of the site 
as it is. Trenches are then laid out to cut through, at right 
angles, and explore in section, any visible structure that 
seems interesting - mounds, banks, ditches or the lines of 
walls (Plate 10). The trenches are taken in stages down 



to the ‘natural’ the surface of the ground as it existed 
before any hitman occupation. The work is mostly done, 
not with the. traditional ‘spade’ but with a pointing-trowel 
or other smali liand-tool as soon as an lindisturbed layer 
is reached. Thus nothing important is disturbed or broken, 
but carefully cleared from the surrounding earth, sc timt 
it may be seen and recorded in its orisiiiai position. The 
most dellcats work, as in the cleaning of a fragile ske'seton, 
may even be finally touched up with a needle-poinl and 
camel-hair brush (Plate 1!). Every crumb of soil is sifted 
or brO'ken up by hand to avoid loss of even the smallest 
piece of evidence, such as a bead. 

A Close watch is kept all the time for changes in character 
or arcliseological content of the deposit, so that finds from 
every distinct level may be kept separate. 

When the exploratory part of the dig is complete, the 
excavator should be able to link up the sections exposed 
by his trenches and form an idea of the extent, lay-out and 
nature of the structures involved. If time and funds permit, 
the site, or a part of it, may be systematically cleared in 
strips or squares, exposing ancient suifacss layer by layer, 
down to the ‘iiaturaL’ A skeleton of eartli-baiks is left 
standing up to the last nidnient, as a control on the strati- 
fication (Plate 1), . 

Disturbances are recognized, their limits defined and 
cleared out before undisturbed layers with their contents 
are touched. These are the really valuable, authentic, 
documerits. 

Every fact, understood or not, is recorded. Its cxplaiia- 
tion may emerge later in the dig, or it may not be found 
for years, in connection with quite another excavation. 

Throughout, scrupulous cleanliness and tidiness are 
observed - the lines of all trenches straight, the sides 
vertical the excavated soil thrown well back, or eveii 
harrowed right off the site to a dump out of the way. Only 
in this way can every pertinent detail be observed and 



These principles apply to every dig and every archav.)- 
logical period, with variations in plan of action for particular 
cases. A round barrow, or other circular structure, may be 
excavated a quadrant at a time (Plate 7); an area such as 
a cave-iloor or an ancient land-surfacc, witlio'ut visible 
structures, by arbitrary squares; the line of a wall or ditch 
plotted by short transverse trenches at definite intervals. 

Interesting details, such as burials and groups of pottery 
or post-holes denoting wooden buildings, hearths and s*) 
on, are carefully cleaned and recorded in place, witii ever., 
associated object, before anything is moved. 

Finally, the dig is filled in and levelled off. 

How the fieldwork is recorded 
and what the excavator takes home. 

Of no less importance than the actual digging is the 
recording in the field. The field-notebook contains a day- 
to-day account, with detailed small scale-plans and sections, 
of the work as it is actually done. Trenches or areas, and 
each distinct level in them, receive identifying symbols. 
Finds- in them are individually or collectively marked with 
their appropriate locations and a reference to the page of 
the notebook on which their discovery is recorded. Objects 
other than pottery- may be entered on cards with serial 
numbers, each with a rough drawing, measurements and 
description and all the relevant information as to its original 
situation and position. 

Pottery, which may be very plentiful on later sites, is 
N^ashed, sorted and selected on the site. Much of it may 
consist of small undistinguished sherds belonging to a 
common and well-known type. Once enough types have 
been selected, establishing every characteristic variety of 
ware, pot-form, finish and decoration found on the site, tlic 
rest may be discarded and re-buried when the dig is filled 
in. In this way careless disposal of unwanted fragments 
wall not complicate future excavations anywhere else. Of 
any group of sherds which seem likely to have formed a 


single vessel every one is kept, in the hops that the pot may 
be rebuilt or at least its shape recovered. 

Photography at every stage saves pages of description in 
the eventual publication. More important: it is pnmafaefe 
evidence of the original appearance of structures and objects 
v.'hich may have had to be moved dr destroyed as the dig 
proceeded. Archa'ological photography is a special art, 
beset with snags and limitations, it is w^ell to be sure that 
a good negative has been obtained before the irreplaceable 
subject is demolished., 

Samples of shells, bones, soils from the dilfcrent layers, 
peat, charcoal, rocks and minerals (in the case, of geological 
deposits), food-grains and industrial waste (e.g. metal-slag) 
may help, after examination, to fill in the picture given by 
the other finds. They are best taken in person by the expert 
u'ho will examine them. 

Deciphering the story told by the finds. 

1 1) The study of types. 

Ancient man was bound by tradition^ and successive 
generations tended to reproduce the types of implements, 
pottery, and so on used by their forbears. Changes, both 
of evolution and degeneration, took place by degrees 
insensible in any one lifetime. The archeologist, therefore, 
bases many of his conclusions on similarities, and the 
indicated relationships, between known types and the par- 
ticular objects he is studying. A whole assemblage of 
characters, common to the culture at his site and sites 
known elsewhere, is even more convincing evidence of 
relationship. Thus, a particular group of people puried 
dieir dead in a crouched attitude in round barrov/s, used 
winged-and-tanged arrowheads of flint and placed with 
each body a clay beaker of characteristic form with a 
peculiar style of comb-impressed decoration (Plate 12). 
Tl'is assemblage, when found at two widely- separated 
places, establishes a close relationship. Wc do, in fact, 
recognize the ‘Beaker-Folk’ of the early Bronze Age by this 




<^3ns^an^ assemblage of characters. Their remaisis are iourid 
aJl over Western, and a part of Central, Europe. 

It seems as if at least the more momentous discoveries oi' 
preliisioric times - of the bow and arrow, of agriculture, 
of the wheel and so on - took place only once and in one 
region, being thence diffused by migration, trade and con- 
tact between adjacent peoples. Evidence for the contrary 
isracess of independent development, at several different 
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Fig. 2.— Distribution — map of gold ‘lunulae’ (crescent-shaped neck 
ornaments) of the Early Bronze Age, showing their Irisli origin, out- 
lying occurrences and predominantly maritime distribution, 

(Fox: The Personality of Britain. Nat. Museum of Wales, 1943.> 



ceriires and limes, is much more scanw, but cannot be 
disregarded as a possibility in certain cases. 

A sudden ciiitural break at a site, therefore, indicates 
outside iiiiluences at work. This is seen by the excavator as 
a sharp dislinclioi) between the cultural coiitents of one 
layer and the next above it. It may not be obvious, con- 
sistinc:, perhaps, only of a change in the occurrence or- 
chai'acter of a single class of objects, but when it is found 
it is highly significant. 

(2) Dliitribiitfon. 

If tiie new clement is already known at other sites unid in 
other regions, the investigator will consult, or construct, a 
map of the distribution of that and allied objects. The map 
may show the greatest concentration of the foreign element 
in a particular region, with outlying occurrerices along 
natural routes linking it with his area (Figs. 2 and 5). In tiiis 
case the prehistorian may conclude that he has discovered 
the source of his intrusive objects, or, at least, of' their 
inspiration (for they may not be ideiuical with the originals). 
According to the degree of resemblance and niimbers of 
objects involved, he must decide, perhaps with the aid of 
statistics, whether his finds are sporadic imports, local 
copies of such imports (Fig. 3) or the property of an 
actual body of migrants or invaders'from the parent region. 

Objects themselves betray something of the way of life of 
their owners. Hoes and sickles point to agriciuturs, axes 
.and . adze.s. to , wood-working, querns to the.,,.grindi.ng., of'.\ 
cereals, swords to war and conquest. If discarded bones are 
all those of wild animals it is to be inferred that the people 
in question hunted, but did not rear, their meet, 

(3) Spedalist reports. 

These may add very sensibly to our inforniaiiou. Here is 
an iustructivc example of what the palreohtologisi can ’ 
conu’ibute to Prehistory. 

W. Soergel studied animal bones from several sites in 
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Fig. 3.— A typical Early Fron Age household pot From Maiden 
Castle, Dorset and a bronze ‘situla’ or bucket From N. Italy, of which 
the former is a debased form, translated from metal into clay. 

{A. from V/heeler: Maiden Castle. Soc. of Antiquaries, London, 
1940. B. from Dechelette: Manuel d’Archeoiogie prehistorique, 
A. & J. Picard, Paris, 1908.) 

Germany, at some of which implements and actual remains 
of Palseolithic man had been discovered. He found that 
his sites fell into two well-defined groups, in one of which 
a third to a quarter of the remains of elephants belonged 
to young beasts less than 6 years old. In the other group 
older animals predominated, some two-thirds being over 
50 years old and none under 6, Now the first group in- 
cluded all the sites at which man was known to have been 
living, as well as two, showing a small proportion of young 
animals, where there was no evidence, at that time, of his 
presence. Soergel concluded that, in those places, man had 
hunted the ine.Kperienced members of the herds, for nothing 
would otherwise account for the difference in age-distri- 
bution. Further support for this theory came some years 
later, when a human skull was found at Steinheira, one of 
Ms two anomalous sites. The other remains a blank, but 
we look forward hopefully to hearing, one day, that the 
presence of man has been proved there also.’ 

To-day we associate elephants, rhinoceroses and Hons 
with tropical regions. The deposits just described show that 


they \verc olso Tiumerous in western Europe when tho men 
of the early Old Stone Age were living, though the climate 



Fig. 4.~Elephant-teath. On the left, two views of an upper molar of 
the Mammoth (Elephas primigenius), whose presence in a geological 
deposit denotes a cold climate for its formation. On the right corres- 
ponding views of a lower molar of Elephas antiquus, which lived in a 
temperate or warm climate. 

From Zittel’s Textbook of Palaeontology, Macmillan. 

was not very different from that of our day (Fig, 4), On. the 
other hand, arctic conditions are indicated by the remains 
of reindeer, lemmings and arctic foxes from the cave-earths 
of southern France, belonging to later stages of the same 
cultural period. 

Nor are bones the only indicators of climate. Sea and 
freshwater shells and land-snails can indicate fluctuations 
far less extreme than these. A few degrees of change in 
average annual temperature or sea-salinity, a few inches 
difference in rainfall, will be reflected by alterations per- 
ceptible to the conchologist in the relative numbers of the 



species composing the moiiuscan faunas of beaches, river 
flood-loams and field-ditches. 

The botanist is another specialist- whose lieip is often 
required by the prehistorian. He car* determine the species 
of i"ees and bushes from sizeable fragments of charcoal in 
the hearths of prehistoric sites. Quite a full picture car? be 
made in this way of the local vegetation of the time. In a 
peat or a lake-silt the very wood of piles or wattle-work 
may be preserved for him to deteroiiae. Even wind-borne 
pollen of trees and plants, preserved in such coiiditions, 
can be identified under the microscope. Pollen-analysis of 
a level in a peat showing the presence only of pine aiid 
birch woods suggests a climate colder, at least in winler, 
than one with oak, clin, lime and other deciduous forest 
trees. This method is now being extended to include the 
pollen of herbs and grasses as well as of trees. 

The botanist may also be able to trace, from a few 
carbonized grains or a grain-impression in the once-plastic 
clay of a pot, something of the story of prehistoric cultivated 
wheats and the travels of the men who sowed and reaped 
•them,' ■ 

The composite picture of animals and plants contem- 
porary with early man may be of importance in dating, at 
least for the earlier periods of prehistory. 

Apart from the pal£eontoIogist and the botanist, the help 
of the expert on soils is often needed, in later times, climate 
and surroundings were not very different from what they 
are to-day, but the soil-scientist can recognize a ‘fossil’ 
liirf-surface in the section of an Iron- Age rampart which 
has been reconstructed in antiquity (Plate 4) as readily as 
he does the weathering in a boulder-clay or loess duo to 
some thousands of years of exposure. 

The petrologist may be able to say where the character- 
istic stone for a particular ‘polished’ Neolithic axe origi- 
nated, That of an axe found in Hampshire must have been 
quarried at a particular place in Cornwall. Axes of a rock 
from ihc Lake District have been found near Barrow-in- 


Furness, Birmingham, in Northamptonshire, Brickinghan'i- 
sliire, Surrey, ¥/iltshire and near Gloucester. The unavoid- 
able inference as to the widespread ramifications of trade 



Fig. 5.— Distribution map of Early iron Age counrersunk poL- 
handlcs and iiiternally-grooved rims, showing Breton ciutiiral affinities 
and the probable points of entry into Britain with the- concentration 
of the Iramigrants in Hants and Wills. 

(Wheeler: Maiden Castle. Soc. of Antkinaries of London. 1940.^ 


and exchange, even in Neolithic times, is most striking. 

Simiiaiiy, the chemist may determine, from the compo- 
sition of a far-travelled amber bead, whether it originated 
in East Prussia or Sicily. A mineralogist may be able lo 
decide, from traces of characteristic impurities present, the 
particular ore-deposit from which the metal of a Bronze- 
Age spear was smelted. The student of animal bones can 
help to unravel the history of domestication in animals. 
'Working with the human remains, the anatomist and 
physical anthropologist seek to define the racial affinities 
of the people concerned. 

Experts’ reports on materials from any one excavation 
are not always impressive or abounding with spectacular 
results. Now and again, one of them may, however, be 
able to say that, to the best of liis knowledge, a particular 
object or material from a British site could only have come 
from (say) the Rhineland. At once a connection of some 
kind is set up between two remote prehistoric peoples, of 
which the importance to the prehistorian may prove to be 
very great. It is worth many inconclusive investigations to 
obtain even one such informative result. 

, ■ z ■ « 

How long ago was it? 

Archseological deposits consist mainly of the rubbish of 
human occupation and have slowly accumulated where they 
lie, often in more or less distinct layers. Provided that there 
has been no later disturbance^ it follows that what is found 
deep down must be earlier than what lies above it. Very 
often, however, there has been some disturbance - as when 
later occupants dug pits or wall-foundations into earlier 
rubbish, or when rabbits and badgers have been active. If 
we find, say, a R.oman coin in the same layer as Neolithic 
pottery, there is only one possible conclusion: that the 
deposit has been disturbed and mixed, perhaps as early as 
Roman times, possibly only quite recently. Certainly the 
pottery is not in its original context. The latest datable 
object dates the layer in which it is found. If, however, W'c 


thid the same New Stone Age pottery in a layer inckiding 
iiotbing demonstrably later in date, we may be reasonably 
certain that we are in a stratum which has lain uiidistiirbed 
since tlie time when that sort of pottery was being made 
and used. The same stratigraphic principle (derived, re- 
course, from geology), applies to Old Stone Age relics in 
geological, not humanty-formed, deposits. This principle 
gives us a relative chronology: the bare order in v/h.icL; 
prehistoric events occurred, 

Within the last ten years or so, geology has developed 
XcVit’iiivt absolute time-scales ~ dating in years. 

One of them is based on the known extremely slow rates 
of decomposition of traces of radioactive substances present 
in rocks and minerals. This dates the earlier geological 
periods. 

Prehistory is, of course, only seriously concerned with 
the Pleistocene and Recent periods of the geologists, com- 
prising, perhaps, the last million years of the Earth’s 
estimated age of 3,000 million. The sub-human ancestors 
of man must have been in existence before this, but the 
first undoubted men known to us belong to the early part 
of the Pleistocene, say 600,000 years ago. 

Working on geological evidence in the Alpine region, 
Penck and Briickner constructed a curve to show the growth 
and retreat of four main Pleistocene glaciations and to 
indicate their probable duration and extent. 

Now, astronomers, for their own purposes, have cal- 
culated for the last million years the effect, on the amount 
of solar radiation received at the Earth’s surface, of cyclic- 
changes in the complicated motions of our globe. Some 
geologists interested in the Pleistocene Ice Ages have noted 
a degree of correspondence betv/een these results and their 
own which seems to exceed that attributable to pure chance. 
Oil a basis of mathematical probability. Assuming some 
connection, therefore, but without attempting to detine it, 
they have provisionally correlated the more detailed 
‘radiation-curve' and its time-scale with the glaciation-curve 


(Fig. 6), The absolute, durations and intensities of glacia- 
tion, and of the interglacial periods, indicated in tills •>-ey, 
pHce to re of much the same ordc: as r]i*t by 

Penck and Bruckner on purely geological grounds. V/e rims 
obtain dates for the main events of the Pleistocene Vvhicli, 
if not yet very accurate, are at least valuable working 
hypotheses and probably of the right order of magnitude. 



Fig. 6.--GIaciation- and radiation-curve. The upper curve is that of 
Penck. The axis represents the level of the present Alpine snowline 
with graduations above and below it in metres. The dips in the curve 
correspond to the four Alpine glaciations, Giiuz, Mindel, Riss and 
Wiirm (marked by their initial letters); the peaks to the Gitnz-Mindei, 
Mindel-Riss and Riss-Wurm interglacial periods. From the degree of 
weathering of the glacial deposits, Penck estimated that, taking po.st- 
gladcl time as unity, the Riss-Wurm amounted to a period 3 times as 
long, Mindel-Riss being 12 times as long. 

The lower curve is the radiation-ciuve calculated by Milankovitch 
in 1938. In shows, on an absolute time-scale, tlie variations in solar 
radiation received at Lat. 65' N. during the last 600,000 years. The 
foirr groups of minima shown in full black are regarded by stane 
geologists a.s corre.sponding with Penck’s four glaciations. Lt tztis cn-.e, 
three of them are seen to have been double and the ia.st triple. Iiccent 
field-work teovK to corioborate this theoretical nrjUip'iciy'- ?; the 
glaciations. 

(Pei'ick'.s carve re-drawn from VV. B. ‘Wriglu : The Qaaremary Ice 
Age, 2nd ed.. iViacmillan, 1936. Milankovitch’.? from Tenner; The 
Plei.stocene Period, Ray Society, 1945.) 



During the last retreat of the ice-sheets, certain banded 
or ‘varved’ clays laid down in glacial lakes have been sliown 
to mark tlie seasons of retreat, by a thick layer formed 
during sirninier thaw followed by a thin band during the 
winter freeze-up (Plate 5). Series of these have been counted 
and linked up and give reasonably reliable dates for the last 
12,000 years. Now, with the varves can be correlated nibior 
ciiniatic phases botarncally determined by pollen-analysis. 
The settlements and implements of pre-historlc man uj-e 
also often accompanied by tree-pollen, so that trie dates of 
the varves can sometimes be transferred to the human 
■ cuitures. 

Finally, we come to the astronomicaliy-fixed calendars 
and king-lists of the earliest Near Eastern civilizations, 
which flourished long before w'estern Europe emerged from 
savagery. Datable objects traded and conveyed thence, 
when found with prehistoric European remains, afford 
approximate liistoric dales for these by synchronism, ample 
ailow'ance having been made for possible long delay in 
transit. 

A striking example of the metliod is made possible by • 
the occurrence, in round barrows in Wesse^c, of segmented 
faience beads, clearly imported, of which the nearest known 
parallels were made in Egypt about 1400 j3.c. From these 
we get an approximate absolute fixed point for our Early 
Bronze Age (Plates 14 and 15), 

f'y/ia/ do we get out of it? 

A great contrast between History and Prehistoi'y is tJ'iat, 
while tlie former is largely concerned with the doings of 
prominent individuals. Prehistory deals with the dally life 
of nameless ordinary people. Dynasties and policies have 
passed unrecorded, but we do begin to kiiow somethirig of 
tiic domestic arrangements of the prehistoric pcasant-fariner. 

Even if the story is tantaiizingly incompiete. Prehistory • 
shows something of the evolution of man, of his eouipinent, 
economy, society and ideas. Unconsciously, perhaps, but 



not less certainly, we compare what we can discern of ihe 
life of prehistoric man with our own. If we are tempted to 
feel a little patronizing towards the achievements of our 
ancient forbears, wc should remember that v/e deserve no 
credh for having been born in this century and consider 
soberly how we, as individuals, might have fared in the 
conditions of, say, the Old Stone Age. 

Once started, knowledge and technology advance, to 
some extent, by their own momentum. Thus, the astrono- 
mer, the atomic physicist and the microscopist, amang- 
others, make prehistoric dating possible. Without their 
equipment and skill, it would still be a matter of pure 
speculation over most of the field of which we have 
knowledge. 

Even to-day, when education is general and research is a 
field open to any trained inquirer, there are not very many 
original minds among our enormous populations. Is it not 
surprising, therefore, that the invention of so many of our 
basic economic activities is due to the ingenuity of pre- 
historic men - among them agriculture, domestication of 
animals, pottery, spinning, weaving, turning*, metallurgy? 
No one will maintain that the technique of weaving was a 
chance discovery. Here are the working of brain and hand, 
the exercise of ingenuity and imagination, at their best. 
Though the smelting of copper ore was probably discovered 
by chance, how many of us, seeing a fragment of green 
malachite amid the glowing charcoal and finding a globule 
of copper among the next day’s cold ashes, would connect 
the observations and arrive at the conclusions necessary to 
found thereon a metallurgical industry? 

All the superstructure of civilization upon which we pride 
ourselves is based on some such rare exercise of intellect on 
the part of a long-dead anonymous artizan. Vv'ilbout such 
as these, it could never have been erected. Without their 
heirs, in our time, it may well collapse. 

Therefore, better to understand the hothouse civilisation 
we have built round ourselves, we need to understand the 



origins oi' society - the Old Stone Age lamily feasting 
behind its blazing brushwood in the cave-mouth; the 
Neolithic farmer and his neighbours safe with their brim- 
ming grain -pits as the winter sets in; the barbaric Belgic 
conqueror and his followers, lords of ail the South and 
East of E^ritaiii before the Romans came. 

History is the connecting link betweeti tiieii times and 
our own, but it is necessary to trace the devious career of 
man from his origins up to the opening of history,, to obtain 
the fiillest understandine of ourselves. 




Eye Grafting To-day 

DR MAURICE GUDOT 

T H E R E is no question, in the present state of our techniqucTS , 
of making a total eye graft, that is to say of replacing a 
diseased and blind eye by another healthy one to give the 
patient his sight back. Only a localised Qcwhir replacement 
can be made. 

The front part of the eyeball, called the cornea, is com- 
pletely transparent, revealing behind it the black disk of the 
pupil surrounded everywhere by the membrane of the iris 
(See Fig. 7, a sagittal section of the eyeball.) Thanks to this 



Fig. 7, — section of the eyeball; from on the left, back on tne right. 
corn, cornea; cii, anterior chamber; cr, lens; ret, retina; n apt, optic 
nerve ; cj, conjunctiva. 

transparency, the cornea transmits and refracts the ineideiil 
light rays and so permits of vision. If, for one cause or 
another of an. aceidentai or infectious nature, it becomes 
opaque, the light is blocked, and the sulferer complains of 
much weakened eyesight. And yet, behind this veil the other 
media and membranes of the' eye remain in good shape and 
quite lit for the perception of images. 
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That is why, in those cases, unfortiiuaicly so irequenr. 
v.hcre local aod general medical treatment hs\'c- jaiietl ih-: 
onh' ihiiig to do is to make a fresh transparency with thr 
help of eye stirgery. This problem has been resolved by 
keratoplasty, or corneal transplaatatioii. 

Althcugli in ophthalmic surgery to-day tiiepairaofnovcli-} 
goes without question to corneal grafting, for ail that it is 
not a recent discovery. Science means patience, and the hrsi 
Liial-s v/ere made as long as 140 years ago. In this work, w-e 
remember abroad the names of Van Hippcl, invejitor of the 
trepliine for deLaching,discs of corneal tissue, of Sakcr, of 
Fuciis, of Eiscliuig, of Nizctic, of Imre, protagonists of new 
techniques, and especially the name of Filatov, who created 
and organised a specialised Institute for Keratopiasly at 
Odessa in 1927. America came into the Held later, but with 
the Immense resources at her disposal, and the drive of 
Elschnig's pupils, who had emigrated, she has largely made 
up her leeway and floods us with her publicity. On the other 
hand, in France for instance, in spite of the early attempts 
of Magi tot, wiiich go back to 1913, the opera tio.n remained 
a Congress curiosity for a very long time. 

But a few years ago, just before the 1939-45 war, efforts 
increased. The Lyons school, in particular, in contact rvith 
Central Europe through the intermediacy of Switzerland, 
became interested and excited by the new techniques ; and 
already, French experts such as Soiirdille believe on the 
basi.s of their personal experience tliat the corneal graft is 
now a field for practical surgery, and that very probably 
the ne.’it few years wiU see operations of this kind on the 
increase. Theoretically, intervention is very simple. One 
removes an opaque segment of cornea and replaces it by a 
transparent piece from a healthy eye. 

The gm/> is the portion of transparent cornea which vvill 
replace the opaque section of the diseased eye, !t can be 
taken irmn an eye wdiich has had to be removed from a 
padent for some other: reason. But all authors agree in 
preferring a graft taken from the eye of a corp.se. Enuclea- 
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lion of the eyeball must be made as soon as possible after 
death, in the first twelve hours. It is then kept in <1 cold 
room 24 hours or more, preserving it in the future recipient's 
blood with every desirable aseptic precaution. Unfortunately 
in some countries laws forbid any interference with a dead 
body until 24 hours after the death has been registered. 
This must be modified as soon as possible because of the 
obvious social importance of the operation. 

The Americans, with that sense of size, organisation and 
publicity peculiar to them, have conceived of the creation 
of a special bureau to supply the necessary raateriaT. ‘The 
Eye Bank for Light Restoration.’ To this agency (in New 
York) come those who will have to have an eye removed, to 
oxfer themselves for a future corneal transplantation. Further- 
more, a great publicity campaign has been undertaken to en- 
courage people of every race and all ages to leave their eyes to 
the bureau in their wills. They will be examined, and tested 
to confirm the possibilities of future use. Recently, to the 
original collecting centre has been added a teaching centre 
which gives every ophthalmic surgeon the opportunity to 
educate himself in the technique of operation. In the course 
ofits first year’s functioning this body has responded to more 
than 3,000 requests. Without going to the full length of 
such an organisation, which makes us smile a little, we 
would find it worthwhile to . collect together offers and 
requests for corneal transplantation. 

Operative technique. 

The graft can be penetrating or non-penetrating, total or 
partial, according as it involves all the thickness of tlie 
cornea or not, and all its surface up to the limbus (peripliery 
of the cornea) or only a limited segment of that surface. 
We cannot for the moment make a success of a total graft 
for the whole of an opaque cornea. Actually the most 
frequently practised operation is a transplantation partial 
as regards surface - limited to a central zone 4 to 5 mm. 
diameter, corresponding to the visual area of the cornea ; 
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and wiai in thickness ~ invoiving all layers of the corrsea; 
whence ilie naiTie of partial penetrating graft. 

Like the type of graft, the technique of implaritatioii 
itself varies from author to author. We shall borrow the 
description of the Swiss masters, notably Franceschetli and 
StreiiF, who have a following in France, We must consider 
in turn : 

I . Tlie preparation of the patient, 

■ 2, Cutting the graft. 

3. Placing the p-aft on the diseased eye, and keeping it in 
place. . ' ■ 

4, Post-operative care. 

1. Preparation ot the patient. 

A penetrating graft always requires the most minute 
preparation of the recipient's eye. As well as the cases 
where, before the actual grafting, it is necessary to make a 
number of preparatory operations (for which the ophthal- 
mologist alone can judge the need), in favourable cases also, 
where grafting is the one and only operation it is stiO very 
important to insist on a whole scries of preventive measures. 

From the first, perfect asepsis of the whole region is 
essential. The instiJiation of penicillin drops will thus be 
very valuable. Anesthesia will be obtained with cocaine 
drops, and especially by the injection behind the eye of an 
iinassthetic solution of syncaine, a compound allied to 


Fig. o. — While die eye- 
iids cir'o held open by the 
rctcactor, local aiiaesth-ctic 
is injected into the eycbe.ii. 
This is the left eye ■. ncie 
the nose on the tigiU of 
the diagram, and the cs'c- 
brow beiovr. 


iiovocaiiic. Neighbouring parts. (eyelids, skin) are likewise 
focaily anresthetised. Finally, two horizontal and two 




verticai liireads are stitched across the eye so that they 
cross and form a tiny square. At first they are left slack, 
blit later when the graft has been put in place they are 
tightened and then form a little trellis to hold the graft in 
place. As for the risk of a rapid rise in pressure of the 
intraocular fluids after the operation, it is avoided by drops 
which lower the tension of the eyeball (eserine, etc.). 

2, Cutting the graft. 

Vvliether one uses a graft from the dead or one from the 
living, it is detached for preference from the enucleated 
eyeball: for this a trephine is used, a kind of tube with a 
very sharp end, the punch-movement of which is limited to 
about 1 mm., which corresponds to the usual thickness of 




Fig. 9. — The punch 

removes a disc of opaque 


the cornea. Its diameter varies between 3 and 6 mm. 
according to the size of corneal disc it is desired to cut, 
arid which is to be taken from the centre of the cornea. Great 
care must be used in pushing the trepanned disc very gently 
out of the tube. It is placed on a little spatula, or better, on 
a fiat circular drainer perforated with fine holes, and 
plunged into a glass dish filled with a physiological fluid or 
with serum from the future recipient of the graft. 


3, Positioning. 

A trephine with a slightly larger diameter is used on llie 
diseased eye to remove an opaque disc from the centre of 
the cornea, taking great care to trepan absolutciv oer- 
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pcndicularly to the iris, so as to obtain a complete section, 
clean and clear, and to limit the, movement of the trephine 
in depth in order not to wound the lens. This is the most 
difilcult point of the operation. To simplify it, some prac- 
titioners make use of a little wooden or metai spatula, wliicii 
tliey slide behind the cornea into the anterior chamber of the 
eye. It then acts both as cutting board and protector. 


Fig. lO.— Culling into 
the anterior chamber with 
a scalpel (right) to intro- 
duce the cutting piafc 
(left). 


The quality of the trepanning appears to be one of the 
essential elements in a successful outcome to the operation. 
Once the opaque disc is raised, and the bed clear for the 
graft, it is brought up on its back on a little spatula, slipped 
into the prepared bed and finds its right position with the 
help of pats from the spatula. 




Fig. 1 1. — The now trans- 
parent cornea i-i iow creel 
into place. Note the two 
sutures ready in position. 


Some surgeons then apply a very fine membraiic to the 
whole c.xient of the cornea, either eggsheU lining or fine 
saus-.ige skin, the dimensions of which are approxiraiilely 
hmse of the cornea. Then the threads are tightened (not 



too much) in front of this membrane and tied. The ¥, hole- 
keeps the graft well in place in a. sufficiently firm manner. 

Finally ihs introduction of eserine and peniciilin ointineut 
into the conjunctival cul-de-sac and a general grooming of - 
both eyes completes the operation. 

A. Post-operative care. 

The first cleansing does not take place before the sixth 
day. Only the absence of ocular reactions is then confirmed, 
without even an examination of the graft. Before replacing 
the bandage, it is well to instil a few drops of eserine in oil, 
and a lamella of penicillin. 

It is only towards the ninth or tenth day that the sausage 
membrane and stitches are removed, and one can make sure 
that the graft has remained properly in place and not 
become cloudy. If progress continues favourably without 
complications, the unoperated eye is freed of all bandages 
on the eleventh day and the patient allowed to get up. 

In summary, it is necessary to reckon on about 15 to 
20 days stay in hospital, with ten or eleven days immobilised 
in bed. In spite of undeniable progress in recent years, the 
operation remains delicate, and the results are not always 
equal to the trouble expended by both surgeon and patient. 

What cases take the graft? 

Corneal grafting is not, alas, a panacea, a remedy for ail 
blindness. It is for a certain category of the blind: those 
with a clouded cornea, whether the opacity is deep or 
superficial, extensive or localised. The operation can thus 
be performed in all accidents to the cornea, e.g., burns 
(quicklime, cement, acid), or ulcers wffiich have become 
infected and leave a residual speck or leucoma. Patients 
in whom, following a general infection, the intersiilial 
layers of the cornea have become cloudy, benefit likewise ; 
blit because of operative difficulties and the ever-present 
risk of a hold-up, it seems wise to reserve corneal grafting 
in actual practice for cases where the specialist judges it to 



offer excelicnt possibilities of improving tbe patient's vision, 
vffthou-: making him run too great an operative risk. It is 
therefore the ophthalmic' surgeon alone, after a complete 
eye examination, who can make the decision to operate. 

Feriect cure, that is to say, regeneration of the comeal 
nerves into the graft, and its continued transparc-iicy, 
essential conditions for vision, usually require several 
months of convalescence and periodic examination. It is 
never guaranteed in advance (see plates 25 and 26). 

Some grafts stay clear, others remain traiislucent, a 
certain number go wrong, and become cloudy, condemning 
themselves completely. The most recent figures given by 
very different authors 'Offer almost identical values. About 
20 to 25 per cent of cases are found in which the graft 
remains transparent, and 3G to 35 per cent translucent. 
Altogether, in 55 to 60 per cent of cases sight has been 
improved. These statistics are not miraculous, but they are 
much more than encouraging and ouglit to put a stop to 
sterile scepticism and create a real atmosphere of operative 
confidence. Step by step as our techniques improve, the 
percentage of our successes will increase. Let us offer 
homage to the worth of all pioneers, whatever their nation- 
ality, who by their patient labours and their faith have 
managed to push back the limits of blindness, and by giving 
sight, have given back hope and the joy of living to so 
many unfortunate blind people. 

{translated by J. L. Crammer). 



Contact Lenses 


FRANK DICKINSON 

Contact lenses have been ‘in the news’ again recently. 
They were worn by a well-known professional footballer, 
who paid high tribute to their efficiency. 

Spectacles, always a handicap in most forms of sport, 
are being replaced increasingly by the newer types of plastic 
contact lenses, which enable the sportsman to enjoy normal 
vision in safety. The footballer featured in the news item 
is one of many who take advantage of this modern develop- 
ment in optical science. 

The basic principle of the contact lens has been known 
for more than a century. Sir John Herschel, Astronomer 
Royal, suggested its practicability in 1827. Only in recent 
years, however, have the more serious limitations of this 
method been overcome, through experiencegainedintheiitting 
of many thousands of lenses in Europe and North America. 

Tlie lens is worn in close contact with the sclera (the 
white portion of the eyeball). It provides a new, optically 
perfect anterior surface for the cornea, without actually 
touching the sensitive corneal surface. This clearance of 
the cornea makes it possible to wear the lens without 
discomfort. The space between lens and cornea is filled 
with a fluid similar to the tears. 

By means of contact lenses, focal errors of vision may be 
corrected with a degree of accuracy unequalled, in many 
instances, by spectacle lenses. This unique feature of ‘con- 
tacts’ is particularly valuable when the cornea has been 
damaged by disease or injury. In keratoconus, for cxaiiiple 
(a conicEil protrusion of the cornea) they offer by far the 
best means of visual improvement, giving almost miraculous 
results in many cases previously considered hopeless. 
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Unfortunately, problems other than tliose of optical 
correction obtrude themselves. The fashioning and fitting of 
the lenses demands a high degree of skill and dexicriiy. 
The delicate cornea may ‘be injured by tlic wearing of an 
ili-fitting lens, and there are cases in which even a perfect 
lit fails to bestow the desired degree of comfort. Tire 
average period of use at a stretch is still somewhere between 
live and eight hours. 

Perhaps the greatest limitation of the conventional form 
of lens is the gradual development of a cloudiness of vision 
similar in effect to that of a smoky atmosphere. The 
clouding, which begins in most cases after 2h to 4 hours'' 
use, is believed to be due mainly to the accumulation behind 
the lens of carbon dioxide, normally exhaled by the conica 
into the atmosphere. Recent experiments by Dr Josef Dallos, 
one of the pioneers of contact lens technique, have proved 
that clouding can be largely eliminated by the provision of 
ventilation holes in the scleral portion of the lens. 

Several distinctive methods are employed in the fitting of 
contact lenses. Many recognized authorities favour the 
moulded lens. The technique consists of the making of an 
impression of the eyeball, from which a positive cast is 
prepared, the lens being pressed from sheet plastic to con- 
form to the curvature of the cast. Other practitioners prefer 
a lens of copical form, designed to fit a limited area of the 
surface of the eyeball. A miicli-favoiired design in Great 
Britain is the ground spherical lens, originally introduced 
by Zeiss. All of these types, which are made from so-called 
plasiic material (synthetic acrylic resin) permit a Iluid lens- 
like zone between the contact lens and the cornea. A,noiher 
kind of lens is inserted without fluid, being worn in direct, 
capillary contact with the cornea (see plates 23 and ''24). 

Aiihoiigh glass lenses are not dangerous, the majoriiy c:' 
present-day contact lenses are made from I.C.f. plastic. 

The advantages of contact lenses over spectacles include 
an unrestricted field of vision ; security from displacemerti 
in sporting activities such as swimming, football and ridiiig ; 



almost complete invisibility (an undoubted assc-t in social 
and stage life) and the visual benefits mentioned aboN-e. 
Among their disadvantages' are comparatively higher cost, 
the limited period of use, and- physical unsuitability cf the 
eyes in certain cases. 



Demography - Science and 
Administration 

R. R. KUCZYNSKl 

1. The Beginnings of Demography. 

Until ten years ago the word ‘demography’ was rareiy used 
,iii this country. Population experts, it is true, had attended 
the International Congresses for Hygiene and Demography, 
and they studied the Apeipus demograpbiques published by 
the International Statistical Institute, but the Concise Oxford 
Dictionary still defined demography as ‘statistics of births, 
diseases, etc., illustrating condition of communities/ while 
demography, as is evident from the word itself, aims 
primarily at a description of the population, using, of course, 
if available, censuses, birth, marriage, death, and migration 
statistics, and occasionally also statistics of diseases. How- 
ever, in recent years ‘demography’ has been used more 
frequently and more correctly, and the University of Loudon 
even appointed (in 1938) a Reader in Demography. 

Demography, like every other science, has to do with 
methods and with results. A few scholars have been inter- 
ested only in the development of methods by which the 
basic data may be correctly interpreted, and the demo- 
grapher owes much to those pure mathematicians. Among 
demographers, who are all, of course, interested in inter- 
preting results, a certain number have contributed to the 
d evelop merit of methods. . 

The first man who ever made a demographic study was 
the London haberdasher John Graunt. His little book 
Natural and Political Observations upon the Bills of Mor- 
tality, published in 1662, was a remarkable achlcvemeiit. 
His basic material consisted of the weekly London ‘Bills of 
■ ■■ -f','' M ' ■ 



Mortality’ which showed baptisms by sex and burials by 
sex, age, and cause of death. He compiled ail available Bills 
and analysed the content of his tables, which covered many 
decades, most thoroughly and with a vast amount of com- 
mon sense. He even went so far. as to construct a life table 
for London. This life table, of course, was most primitive 
and inaccurate - about as inaccurate, I should say, as the 
recent official life tables for India or for Lagos. His motive 
for ‘deducing so many abstruse, and unexpected inferences 
out of these poor despised Bills of Mortality’ was that ‘the 
Art of Governing, and the true Politiques, is how to preserve 
the Subject in Peace, and Plenty.'^ When Graimt published 
his pamphlet he had not the faintest idea that he had 
created a new science. Demographic data, he thought, could 
be useful only to the Administration. There seems to be 
good reason, why the Magistrate should himself take notice 
of the numbers of Burials, and Christenings, viz., to see, 
whether the City increase or decrease in people ; whether it 
increase proportionably with the rest of the Nation; 
whether it be grown big enough, or too big, etc. But 
why the same should be made known to the People, 
otherv/ise than to please them as with a curiosity, I see 
not.’^ 

Graunt lived in an enlightened period. The great import- 
ance of his work was at once recognized both by the State 
and by Science. His name appears in the original list of 
Fellows of the Royal Society, which received its charter in 
1662, and Sprat, in his History of the Society, speaks of ‘the 
Recommendation which the King himself was pleased to 
make, of the judicious Author of the Observations on the 
Bills of Mortality. In whose Election, it was so far fro-ni 
being a Prejudice, that he was a Shop-keeper of London; 
that his Majesty gave this particular Charge to his Society, 
that if they found any more such Tradesmen, they should be 
sure to admit them all, without any more ado.’-'^ 

The original list of Fellows contained also the nqine of Sir 
William Petty, who wrote Essays in Political Arithmetic!: and 



other demographic studies.^ An able disciple of his friend 
Graunt, he was both more knowiedgeabie and more 
brilliant, but his contribution to tile development of niethods 
was not important. Edmund Halley, on the other hand, w-ho 
joined the Society a few decades later, was hardly interested 
in demography as such, and his whole demographic work 
covers only eighteen printed pages,® His great contribution 
was the discovery (in 1692) of a most ingenious method of 
constructing a life table. He was not sufficiently explicit as to 
Ms data and the use he made of them, and Ms method has, 
therefore, been very often misunderstood. Many of his 
successors in various countries committed grave errors in 
trying to apply it, wMle others introduced slight improve- 
ments. But in a general way it may be said that Halley’s 
method was for about 175 years the usual device for con- 
structing life tables. 

2. Science and administration, 

England was the cradle of demography, and in the two 
centuries following the publication of Graunt’s Observations 
England’s contribution to the new science was equal to that 
of any other country. But the position has since changed. If 
a list were made of the hundred best demographers who set 
out on their careers during the last hundred years, it w'ould 
be very difficult to find five Englishmen to include in it. 

The causes of this stagnation in English demography can 
be easily discerned. In the first place, the number of people 
engaged in demographic research (full time or part time) is 
probably smaller now in relation to the population than ii 
was fifty or a hundred years ago. On the Continent their 
number has increased by leaps and bounds. In England there 
is one Registrar-General’s Office. On the Continent there 
are, apart from a Central Statistical Office for each country, 
numerous State and municipal statistical offices. Moreover, 
in the Registrar-General’s Office priority is given to a.ii 
matters dealing with registration; in the continental statisti- 
cal offices population statistics are not at such a disadvan- 
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tags. A Registrar-General is rightly chosen according to his 
qualifications to function in this capacity, and he may nd'ycr- 
have dealt v/ith population statistics before his appointment. 
On tlie Continent a civil servant becomes director of a 
statistical office after having worked for many years either in 
the same or another statistical office, and it is inconceivafaie 
that he be appointed without having had experience in popu- 
lation statistics. It may be argued that the Registrar-Genera i 
has demographic assistants who are in charge of this section 
of his office’s work. But experience shows that this offers no 
solution of the problem. The Registrar-General George 
Graham, in 1879, concluded his last annual report by saying : 
‘Lastly, I must express to Dr Farr, whom in 1842 I had the 
good fortune to find here presiding over the Statistical 
Branch, my grateful acknowledgment of the important ser- 
vices he has ever since continually rendered. He is acknow- 
ledged throughout Europe, the ifnited States, East Indies 
and the Colonies as one of the first statists of the day. To liis 
scientific researches and reports I attribute any reputation 
that may have accrued to the General Register Office of 
England and Wales from the time he accepted office in this 
Department.’® All this was perfectly true. Dr Farr, in the 
Statistical Branch, made the best use of the basic data he got 
from the Registration Branch. But his efforts to improve 
those data failed. The birth registration form introduced in 
1837, when the Registrar-General’s Office was created, was 
quite defective. From a demographic viewpoint it was much 
less satisfactory than, for example, the birth registration 
form introduced in Sweden in 1775. Dr Farr became early 
aware of that. In his report for 1842 he wrote : 

... no provision has yet been made for determining the simplest 
fundamental facts - the foundation of all reasoning on the subject - 
such as ... the ages of mothers of children ... Upon many of these 
points the greatest ignorance prevails, writers on population depending 
on rough approximations derived from scanty, imperfect, and oi’ten 
erroneous data, because the censuses and registers of Europe have not, 
yet been taken and abstracted upon a comprehensive, weii-considered 
plan.’ 
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He made similar complaints over and over again. In his 
report for 1 S67 he said ; 

Two grave clcfecis ia ihe registers of the United Kingdom deprive 
them of much of their utility as pedigrees, and as records of facts for 
the solution of the great problems of population. Neither the .age of 
mothers at the births of each of their ciiildren, nor the order of birth 
is recorded ; so that, the nurafaer of children bonie by women ai different 
ages, anid in the course of their lives, cannot be ascertained. Tiiis 
defect was supplied in the first schedule of the Scotch A.c!, but ti-e im- 
portant parts oftheschedule\ycreunfortunaielydisco3itinuedaftcri«55''\ 

It is patlieiic to read in the Congre.ss reports of the iiiier- 
national Statistical. Institute the appeals wliicii Dr Farr made 
for the registration of the mother’s age in all countries keep- 
ing birth records,® His appeals v’i’ere not altogether in vain. 
By 1921 Erigland was practically the only civilized country 
where this question was not asked. The birdi schedule of 
1837 remained unchanged until 1938, when Parliament in- 
sisted on its reform. If Dr Farr had been Ragistrar-Generai - 
and it was the great disappointment of his life that he was 
never promoted to this position - the basic demographic 
date for many decades would have been . as ample in England 
as in the British Dommions, the United States, France, 
Germany, Austria, Italy, the Scandinavian countries, etc., 
etc. As he was second in command his country derived only 
very limited benefits from the last prominent demogi-apher 
it has produced. That he accomplished as much as he did 
was due to the- fact that he was not only competent but also 
obsessed by an urge for research and a deep interest in desno- 
graphy. None of his successors combined these qualities. 

Another cause of the deterioration of British demograpliy 
is the lack of contact between administration and science. 
On the Continent many directors of statistical ofdces are at 
the same time university teachers; they sometimes hold 
seminars in their office and teach the students the whole 
process of statistical technique, it is quite usual for such 
students, after they have terminated their university studies, 
to be appointed assistants and later directors of nuinicipai 
or other statistical offices, and to becoine in their turn 
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university teachers. Nothing of the kind exists in this 
country. The scholar interested in population problems 
usually knows very little of the technique of statistical ad- 
ministration : he cannot appraise the technical difficulties 
and the cost of carrying out the proposals which he may 
suggest to the administration ; he cannot effectively answer 
the arguments of the civil servant. The administration, on 
the other hand, focuses its attention on its immediate needs 
and is, as a rule, reluctant to acknowledge specific legitimate 
needs of the demographic scholar. This, of course, docs not 
affect the pure mathematician interested in methods but not 
in results. As a consequence thereof, the foreign reader of a 
review such as the Journal of the Royal Statistical Society 
must be struck by the high standard of the purely mathe- 
matical contributions deahng with a fictitious population, 
and by the scarcity of demographic papers. The barrier 
between administration and science deters the British 
scholar from demographic research ; another deterrent is the 
low standard of the official vital statistics, compelling him to 
resort to foreign statistics which are difficult to understand 
without a knowledge of foreign conditions and foreign lan- 
guages. The general level of demographic doctors’ theses 
submitted to English universities is high, but a demographic 
study of the authors would probably reveal that compara- 
tively few are born in this country. 

3. English census statistics. 

Censuses have been taken regularly every ten years from 
loOl up to 1931. These censuses furnish valuable informa- 
tion to demographers, sociologists, economists, geographers 
and administrators. I shall deal here only with those data 
which are of special interest to the demographer. They refer 
to the sex and age composition of the population, to marital 
condition, and to fertility. The sex was ascertained from the 
first census onwards. The ages of the population were ob- 
tained in 1821 and again from 1841 onwards. The marital 
condition was asked for the first time in 1851, and thereafter 
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al: each subsequent census. Questions relating to fertility 
were put only in 1911, 

■ At the early censuses the omission of persons was appar- 
ently frequent, but from 1841 on the censuses in England 
have probably been as complete as in any other country. 
This does not mean that the omissions are altogether neg- 
ligible. There is, for example, a tendency ev-'erywhere to leave 
out young infants, and this tendency is strengthened in 
England by the habit of delaying the registration of births, 
Trius the General Report on the 1921 census states : ’ 

It may be observed that the population alwws comprises a large 
number of newly born infants whose births have not yet been registered, 
and that this number may easily have been as high as 50,000 or 60,000 
at the date of the census. The attitude of mind which regards such 
children as not having been placed upon the official roll and not 
subject, therefore, to the census procedure is an intelligible one 

It is impossible, of course, to estimate even approximately 
the numerical importance of the omissions at various ages, 
but a guess that they aggregate something like one or two 
per 1,000 of the total population would probably not be far 
off the mark. They are offset in part by the erroneous inclu- 
sion of persons temporarily abroad and by double counting. 

Wliile, then, the English censuses may be considered fairly 
complete, the demographic details are not as accurate as 
might be expected. The mistakes in the returns on sex, to be 
sure, are undoubtedly few. But the age data are less satis- 
factory. There is in England, as everywhere, a tendency to 
report age in round numbers - that is, in numbers ending 
v.'ith 0. It may suffice to mentioji that, according to the 
1931 census, there vrere 245,684 men aged 50, but only 
215,999 aged 51 ; 280,182 women aged 50, but only 240,793 
aged 51. Ages ending with the digit 7 arc unpopular, while 
there is a marked predilection for ages ending in 8. Accord- 
ing to the 1931 census, there w^ere more mc;i and more 
women aged 58 than aged 57, more men and women aged 48 
lhaii aged 47, more men and women aged 38 than 37, etc. 
That il'iC age statistics of many other corsn tries jire liot so 
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defective as those of England is due to the fact diat in their 
census forms they do not ask for the age at the Iasi blnliuay, 
but rather for the date of birth. It seems desirable that hence- 
forth England should follow their lead in tliis respect. 

Misstatements of marital condition are also qnile fre- 
quent. The large excess of married women over iiiarrieel 
men wliich appears at every British census can be explained 
only in part by the fact that the number of married members 
of the A-niiy. Royal Navy, and Mcrciiant Service who are 
temporarily abroad exceeds the number of married foreign- 
ers who are temporarijy in this country and have left their 
wives at home. It seems that tens of thousands of women 
report themselves as married though they are not. But a 
much graver defect is the inadequacy of the statistics of 
divorced people. Until 1921 all persons over 15 years were 
asked to state in the census forms whether they were single, 
married, or widowed. As to divorced persons, it was evi- 
dently left to their discretion which of these three alterna- 
tives they liked to choose, and if by any chance they were 
oNstiaate enough to reveal their actual marital condition 
they were probably counted as widowed. In 1921 a discreet 
attempt was made to identify divorced persons. The heading 
of the column relating to marital condition now read ; 

For persons aged 15 and over write ‘Single,’ ‘Married,’ ‘Widowed,’ 
or if marriage dissolved by divorce write ‘D’. 

The innovation w^as introduced with great reluctance and 
with the conviction that it would prove to be a failure. The 
report states: 

At the 1921 census an attempt was made for the first time in ihis 
counti 7 to ascertain the number of divorced persons in t;ie population 
... The total number returned in this category arnountsd to 16,682 in 
all, of which 8,464 were males and 8,218 females ... It is greatly to be 
feared, however, that doubts as to the value of such returns, which 
were felt and expressed when it was first decided to include the inquity' 
in the general census que.stionnaire, have proved only too w^eil founded, 
for from an examination of the records of tite d'vorcer. which have 
been granted year by year, after making full aUowa.rtce fer reductions 
in the numbers by mortality and by a very high .fernarriage rate, the 
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;.',xpectcd numbets ijiight v/eil be pat at a figure t',\'icc a-; [art'e as tlic 
lotal recorded above, and it appears more tlian probabJe Therefore 
[hat a large number of persons failed to return the desired informa- 
lion.** 

Tiie number of men reported as divorced was then aii?Th'dv 
greater tiian the- number of women. Since the remarriage 
rate of divorced nie.n is much higher than that of divorced 
women, misstatements of marital condition iiiust have been 
particularly numerous among divorced women. Accordism 
to the 1931 census tJic divorced males numbered 1,3.546 and 
the divorced females 19,169. ft will be inlcresting to read the 
oflicial comment on these figures in the Gene-mi Fteport, 
which has not been published as yet. 

From a demographic standpoint the 1911 census is still, 
to-day the most valuable of all because it included questions 
concerning fertility. Each married woman had to state the 
number of yeais the .present marriage had lasted, the number 
of children born alive to the present marriage, the number of 
children still living, and the number of children who had 
died. The question about the duration of marriage was 
answered incorrectly by a very large number of wives. The 
tendency to concentrate on round numbers - 10, 20, 30, 40 - 
was even more pronounced in the case of marriage diuition 
than in the statement of ages. Moreover, misstatements of 
short durations were exceedingly numeroas. The ratio of 
couples returned as married 0-1, 1-2, and 2-3 years to the 
number of marriages concluded in the three years preceding 
the census was 68, 85, and 89 per cent rcspectivelv, the 
understatement of the number of couples returned as 
married under one year being mainly due to a desire io 
conceal ante-nuptial conception. The instruciion to re lam 
only the children of the present marriage- was often dis- 
regarded. On the other hand, many mothers Kecm to have 
omitted in their statements children who died young.^- 

The first census embodying fertility questions liad been 
taken in 1875 in Massachusetts, and many other countries 
followed suit. The decline in the birth rate ma’iv cf :---.ur'e 
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the demand for such enquiries ever more iirgeni,, and 
between 1920 and 1936 alone fertility censuses vvere taken in 
France (1921, 1926, 1931, and 1936), Holland (1920 and 
1930), Norway (1920 and 1930), Hungary (1920 and 1930), 
Estonia (1922 and 1934), Spain (1920 and 1930), Italy (1931), 
Czechoslovakia (1930), Germany (1933), the Union of South 
Africa (1921 and 1926), Southern Rhodesia (1921 and 1926), 
Northern Rhodesia (1921 and 1931), Australia (1921), New 
Zealand (1921 and 1936). But in this country no such enquiry 
has been made since 1911. 

Another grave defect which must be mentioned in this 
connection is the date of publication of the English census 
reports. The fertility enquiry of 1911 was made througliout 
the United Kingdom. The complete reports for Scotland and 
Ireland were both published in 1913, For England and 
Wales a first volume, containing a number of basic tables, 
was published in 1917; the second volume, containing all 
other tables and the text, was published in 1923. I have 
already mentioned that the text volume of the 1931 census 
is not yet available. The volumes published so far contain 
merely tables. This, it seems to me, is an intolerable situation 
which should be remedied and could be remedied easily. I 
happened to be connected with the United States Census of 
1900. The publication of the 1890 census reports had been 
very slow. But Congress was not willing to run a similar risk 
again. The Census Act of March 3rd, 1899, provided there- 
fore; 

The only volumes that shall be prepared and published in connection 
with the Twelfth Census, except the Special Reports hereinafter pro- 
vided for, shall relate to population, mortality and vital statistics, the 
products of agriculture, and of manufocturing and mechanical 
establishments ... and shall be designated as and constitute the Census 
Reports, which said reports shall be published not later than the first 
day of July, nineteen hundred and two. 

We then had barely two years for the preparation arui 
publication of the reports, not only of a most clabomte 
population census but also of a most intricate census of 
agriculture and of manufactures, in a country with a poputa- 
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V tioii nearly twice that of England and Wales and with an 

I area more than fifty times as large. But we knew that we 

had to do it, and all the volumes, tables and text, covering 
nearly 10,000 large, closely printed pages, were published 
w'iihin the prescribed time limit, 

4. English vital statistics. 

Civil registration of births, marriages, and deaths was 
started on July Ist, 1837. The records are probably as com- 
I plcte as in any other country. Birth registration, to be sure, 

I was somewhat defective prior to the introduction of com- 

I pulsory registration in 1 875, but it is safe to say that nearly 
I all children born thereafter have been registered, though 

I often with great delay. Death registration was almost 

complete from the outset. Marriage statistics, of course, are 
absolutely complete, since, while people may be born or may 
die without being registered, there is no marriage without 
registration. As to accuracy the vital statistics suffer from 
defects similar to those of the census statistics. The age at 
death is too often reported in numbers ending with 0. There 
is also, at least among middle-aged persons, a predilection 
for ages ending in the digit 2. Here again the remedy lies in 
asldng for the date of birth instead of the age in 5''ears. 

Until the new Population (Statistics) Act came into force, 
the Registrar-General’s Statistical Review showed merely 
the number of male and female, legitimate and illegitimate 
live births and still births, registered in each quarter. From 
July 1st, 1938, on the Statistical .Review shows in additiors 
tlie births by order of birth, age of mother, and duration of 
marriage. The Decennial Supplement gives in addition data 
about fertility by occupation in the period cenlrhig around 
the census. The Supplement dealing with the year !92! was 
I published in 1927 ; the volume which is to cover the years 

\ 1930 to 1932 is not available as yet. But the records of the 

i father’s occupation are not the only ones of which little use 

‘ has been made. From 1837 on, the registration form record- 

ed the date of birth and the date of registration, But in she 
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published birth statistics no account (i!ndl 1944) was ever 
taken of the date of birth. We know the number of births 
registered in a given year, but we do not knov/ the niiniber 
of births which occurred in that year. According to a state- 
irsent published year-in year-out in the Registrar-Generai’s 
Statistical Review ‘ the average time lag between occurrence 
and registration is usually about a month.’ This seems to 
indicate that the average time lag is usually thougli n.ot 
always about a month. But even if the average time lag Vvere 
always exactly one month, the difference between the number 
of registered and of actual births might vary considerably 
from year to year. It may well be, therefore, that even in 
peacetime the changes in the official birth figures sometimes 
convey a distorted picture of the actual changes in natality. 
The number of registered births dropped from 613,972 in 
1932, to 580,413 in 1933, and rose again to 597,642 in 1934. 
The number of registrations in the last quarter of 1933 
(129,810) vras over 10,000 lower than in any other quarter 
from 1850 to this day. It is possible, of course, that the 
niimber of births was actually as low in tlie last quarter 
of 1933 as indicated by the official statistics. But until there 
is proof to the contrary it seems safer to assume that the 
drop in the actual number of births in 1933 was smaller than 
the drop in the number of births registered in that year. The 
official birth rates* in 1933-7 were 14.4, 14.8, 14.7, 14.8, and 
14.9. It may well be that the actual birdi rate in 1933 was not 
lower than in 1935. And wliich year had the highest birth 
rate is anybody’s guess. 

In periods in wliich rationing of food induces parents to 
hasten birth registration or de-rationing of food removes 
this incentive the official birth figures, of course, are abso- 
lutely misleading. From 1918 to 1919 the number of regis- 
tered births (which alone appeared in the official statistics) 
increased from 662,661 to 692,438 or by only 29,777. 
Actually, the number of births registered in 1918 was much 

* For expiaiiation of how these and other values are calculated, see 
Ghxsayy. 
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larger than the number of births that occurred in that year 
while the reverse was true in 1919, and die increase in the 
number that occurred has been estimated at three- times the 
increase in the number of births that were registered. In 
1933-40, the numbers of births registered were 621,204, 
619,352, and 607,029 respectively. How many birtlis actiiaily 
occurred in 1938 it is impossible to tell. In 1939 and 1940 - 
according to the Statistical Review for 1940 (published in 
1944) - the numbers were 614,479 and 590,120. It is most 
welcome that the Registrar-General, who naturally is more 
interested in birtli registration than in birth statistics, has ai 
last yielded to the demographers’ urgent demand for dealing 
with births according to the date of the event, and has pub- 
lished the numbers of male and female legitimate and 
jllegitiraate live and still births which occurred in 1939 and 
1940. But the statistics for those years, showing order of 
birth and duration of marriage, unfortunately still refer to 
registered births and, therefore, do not convey a true 
picture of the decline in fertility during the finst period of the 
war. These statistics include for 1939 54, 144 live births which 
occurred in 1938 but were registered only in 1939, while they 
exclude 49,271 which occurred in 1939 and were registered 
in 1940, The statistics for 1940 include those 49,271 births, 
but exclude 32,362 which occurred in 1940 and were regis- 
tered in 1941, 

The deaths up to now have likewise been shown by date 
of registration. But here the consequences are less serious. 
According to a statement published each year in tlic 
Regisirar-Genefal’s Statistical Review "the time lag between 
occurrence and registration is usually only a day or two.’ It 
would seem, however, that the exceptions to this rule are 
very numerous. Of the twenty-three tables on mortality 
embodied in the Statistical Review one shows the deaths by 
months of occurrence. A comparison with tlie returns by 
date of registration reveals that the differences are some- 
times pretty large. From the third to the fourth quarter of 
1935, the number of registered deaths increased by 22,677, 
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or 22.7 per cent, wliile the number of actual deaths increased 
by 24,785, or 25.1 per cent. It seems desirable, therefore, 
that henceforth not only the births but also the deaths be 
classified throughout by date of occurrence. 

The Population (Statistics) Act introduced only some 
questions of minor importance to be asked on the registra- 
tion of death. But the collection of details about deaths has 
been fairly ample for many years, and the mortality statistics 
of England compare favourably with those of other coun- 
tries. I would even go so far as to plead for the curtailment 
* of the published tables in one respect. I would advocate that 
the publication of standardized death rates be stopped.. The 
standardized death rate, which is meant to convey a better 
picture of the trend of mortality than the crude death rate, 
Las decreased from 20 in 1876-80 to 9 in 1935-9. The crude 
death rate has decreased only from 21 to 12. This crude rate 
is no adequate gauge of the trend of mortality, as it is cal- 
culated without regard to the changes in the age composition 
of the population. Since the age composition is now more 
favourable than sixty years ago, the crude death rate oveir 
states the decline of mortality. The official standardized 
death rates are those which would have been recorded if the 
age composition of the population had been the same as in 
1901. All depends, of course, on what year is taken as a 
standard, and it so happens that by choosing the year 1901 
the decline of mortality in the last sixty years is overstated 
still more than by a comparison of the crude death rates. To 
compute what the death rates would have been sixty years 
ago and what they would be now if the composition of the 
population by age at both dates had been that of 1901 is 
perfectly futile. It is just as futile as to compute what would 
have been the death rates then and to-day if, both in the late 
seventies and now, the composition of the population by 
occupation had been the same as in 1901. But the computa- 
tion of such standardized death rates is not only futile, it is a 
nuisance. Nothing, I am convinced, has contributed so much 
to conceal the actual trend of mortality in England as the 
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regular publication of these standardized death rates. The 
correct death rate derived from the life tables has decreasvcd in 
the last sixty years from 23 to 16 or only by about 30 per cent. 
England, which in the 1880’s had a lower mortality than, for 
example, Germany, Holland, and Switzerland, had in the 
i930’s a liigher mortality than those countries. The time 
that is wasted in computing misleading standardized death 
rates could not be better used than in studying why the pro- 
gress achieved in lowering mortality in England lags behind 
wliat lias been accomplished in a good many other countries. 

The position is particularly unsatisfactory as regards life 
tables. Thirty years ago such tables were available for 
1838-54, 1871-80, 1881-90, 1891-1900, 1901-10, and I9i0-12. 
Since then tables have been published only for 1920-2 and 
1930-2. While the earlier tables comprised all years from 
1871 to 1912, the recent ones cover only six of the thirty-two 
years elapsed since 1912. Formerly the bad years were taken 
with the good years. It is obvious that the results of the new 
procedure, which completely ignores not only the war years 
but also such a bad. peace year as 1929, are much less con- 
clusive. The existing life tables should be supplemented 
without delay by a life table for females for 1911-20, and by 
tables for each sex for 1921-30 and 1931-9. The necessary 
data are all available in the Registrar- General’s Office, and 
by using modern short-cut methods which yield results 
sufficiently accurate for all practical and scientific purposes 
a life table can be computed in a few hours. 

The marriage statistics in England are not as ample as the 
death statistics but they are not as meagre as the bhlh 
statistics were until 1938. As in the case of the death 
statistics it is not so much the tables showing the basic 
figures v/Mcli need modification but rather the published 
rales and averages. The Registrar-Generars Statist ica! 
Review gives the marriage rates of (a) bachelors and divorced 
men, (h) widowers, (c) spinsters and divorced women, and 
(d) widows. This lumping together of single and divorced 
persons was immaterial sixty or seventy years ago when tlic 
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marrying divorced persons numbered only 100 a year and 
constituted only 0.2 per cent of the remarrying persons, biit 
it is most confusing to-day, since in 1.939 no fewer than 
10,691) or 20 per cent of the remarrying persons had been 
divorced. One average which is particularly misleading and 
which is published every year in the Statistical Review, is the 
average age at marriage. This nga.fe was rising before the 
war and gave the impression that people nowadays niarr}'’^^ 
later than in former times. But it was rising only because 
the population was ageing. It is obvious that in countries 
where owing, for example, to a heavy' decrease in fertility 
the proportion of younger spinsters decreases, the average 
age at marriage may increase, even if the nuptiality 
of the younger spinsters rises while that of the older 
spinsters declines. Since 1931 the frequency of marriages 
in England has increased enormously. Yet the average 
age at marriage of spinsters rose in every year up to 
1937. No v/onder that people who see those figures 
conclude that the increase in the number of marriages was 
largely due the contraction of marriages that had been 
postponed during the depression. But a correct computation 
of the mean age at marriage of spinsters, that is of the mean 
expectation of single life at birth for those who eventually 
marry, shov/s that it. has actually decreased in every year 
since 1931. The additional marriages concluded in that 
period were then early marriages, not delayed marriages. 

The correct mean age at marriage can be derived only 
from a nuptiality table which is constructed according to 
the same principles as a life table, and which shows the 
probability of marrying. Many ofilcial nuptiality tables have 
been computed in the course of the last forty years in 
foreign countries, but none in England. Our knowledge of 
the frequency of marriages, in so far as it is based on 
official documents, is, therefore, quite defective. As in the 
case of life tables all necessary data are available in the 
Registrar-Generars Office, and nothing could destroy as 
quickly the myth that our population problem may be 
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solved iDy an increase in marriages as the publication of 
ofiicial nuptiality tables. 

5. Official statistics and population probieim. 
in February, 1944, the Government set up a ■Ro3-^al 
Commission on Population. Its first term of reference is 
‘to examine the facts relating to the present population 
trends in Great Britain.’ Let us assume that, on being 
appointed, a member of the Commission would ha^u tried 
to examine the facts by consulting ail published official 
statistics. He would have found that the most recent general 
census available was the one of 1931 and that the covering 
report was not yet prepared ; that no fertility inquiry imd 
been made since 1911; that all birth statistics were based 
on the date of registration and Vv'ere therefore somewhat 
uncertain; that the most recent statistics of the father’s 
occupation were those of 1921 ; that no data collected under 
the Population (Statistics) Act of 1938 had been published 
so far. If he had looked for gross and net reproduction 
rates or for nuptiality tables, he would have seen that such 
rates dr tables have never been published and never even 
been mentioned. If he had asked for any official publication 
on population trends he would have been given the Registrar 
General’s White Paper Current Trend of Population in 
Great Britain, of wliich Earl De La Warr said in the House 
of Lords on June 8th, 1943: ‘This Report, if I may say so, 
is completely misleading and therefore extremely dangerous. 

1 cannot see the reason or excuse for a Report of this 
character unless it is just an attempt to allay public concern 
on a problem that is in fact dangerous to the extent that 
the public do not recognize it.’ If he had pointed out that 
the Government in that same discussion had announced 
that the Minister of Health ‘proposes to publish a docu- 
ment on the lines of the recent White Paper, in which the 
statistical outlook would be set out and discussed in a 
reasoned and balanced manner,’ he would have beentoldthat 
Ihe plan to publish such a document had been abandoned. 
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Since the appointment of the Royal Commission the 
position has improved considerably. 

1 . The results of the emergency census taken for purposes 
of national registration on September 29th, 1939, were 
published in the spring of 1944. The report shows the 
civilian population by sex, age, and marital condition. The 
returns are less trustworthy than those obtained at the 
general censuses, and the data for men are particularly 
defective inasmuch as they exclude (for England and Wales) 
about 900,000 non-civilians; but our knowledge of the age 
composition and the marital conditions of females has 
become much more up to date. 

2. The Government published in the summer of 1944 
data for 1940 collected under the Population (Statistics) 
Act; similar figures for 1939 were published in the autumn 
of 1944, and shortly thereafter for the second half of 1938. 
The tables for 1938 are accompanied by a covering report 
which shows the gross and net reproduction rates for 1938. 
Unfortunately the text is written in the same vein as the 
Wiiite Paper on current trends of population. The Registrar- 
General evidently thought that the main object of such a 
report was to fight what his Medical Statistical Officer called 
“that lamentable sense of national inferiority from wdiich a 
large section of the population now seems to be suffering. 
The essence of his argument is that the population problem 
is not serious since a population decline could be prevented 
by encouraging marriage and particularly early marriage. 
For 1939 and 1940 only tables have been published, but no 
rates and no text. It is to be feared, therefore, that in their 
present state these statistics wall be of little use to the 
members of the Royal Commission. However, the basic 
data are now available, and it should not cause insur- 
mountable difficulties to relate them to other data hidden 
in the Registrar-General’s Office and to provide an unbiased 
interpretation of the figures. 

3. The Registrar-General, in the spring of 1944, published 
for 1934-43 ‘approximate reproduction rates, corresponding 
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to the births which occurred in each year and makiiig 
allowance for a continuing improvement in survivorship 
conditions/^" In bis Statistical Review for 193S he had 
included a net reproduction rate computed according to the 
principles accepted all over the world (and adopted by tlie 
League of Nations and the International Statistical In- 
stitute), which imply that such rates should be computed 
on the basis of current fertility and mortality. His nev/ rates 
take no account v/hatever of current mortality. Although 
in 1940 fertility was lower and mortality was much higher 
than in 1935, he obtains for 1940 a higher reproduction rate 
than for 1935 because, irrespective of the facts, he assumes 
year-in year-out a steady gradual ‘improvement in survivor- 
ship conditions.’ These rates are not comparable with those 
of any other country; they are speculative because all 
estimates of future survivorship conditions are uncertain ; 
they tend to overstate reproduction because they disregard 
fluctuations in mortality. But if they were recomputed on 
the basis of current mortality they would be most useful. 

0 A start, no doubt, has been made in the course of the 
last few years to increase our knowledge of the demographic 
position of England. But much has still to be done in order 
to enable the Royal Commission ‘to examine the facts 
relating to the present population trends.’ A few things have 
been suggested before, such as the computation of life 
tables and nuptiality tables, of gross reproduction rates and 
of genuine net reproduction rates, and a proper analysis of 
the statistics collected under the Population (Statistics) Act 
up to 1944. But the most important task of all is the 
immediate talcing of a special fertility (or family) census 
which would fill many gaps caused by the numerous sins 
of omission committed in the course of the last decades. 
Such a fertility census would convey a comprehensive 
picture of essential demographic facts upon which (to use 
Farr’s words of 1844) ‘the greatest ignorance prevails,’ for 
example, the incidence of childlessness, the spacing of births, 
fertility differences between occupational and social groups, 
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and the distribution of families of various sizes. The in- 
formation to be derived from such a census is indispensable 
for a serious study of the population problem and for the 
framing of an adequate population policy. 

6. Future of Administration and Science. 

It may well be that in some very small countries popula- 
tion and vital statistics do not suffer if they are prepared in 
a Registrar-General’s Office, but this combination is to be 
found in no large country except England, and it lias 
yielded here quite unsatisfactory results. It seems, therefore, 
advisable to create an independent office dealing ■with popu- 
lation and vital statistics. Whether such an office should 
also be put in charge of some other related statistics is not 
of decisive importance. The Economist of October 7th, 1944, 
contained the following suggestion : 

It is already contemplated to take the census of production each 
year after the war ; formerly it was taken every five years. There is a 
strong case for taking a census of distribution at frequent intervals, 
perhaps every two years. Similarly, the intervaT between population 
censuses has been far too long in the past; it might well be reduced 
from ten to five years. But if the number of such statistical investiga- 
tions is to be increased and if they are to be carried out at short 
intervals, the existing facilities at the disposal of the Government will 
have to be overhauled. It might be an advantage, for example, to 
follow' American practice by creating an organisation analogous to 
the Bureau of the Census, that is by making a single organisation 
responsible for all censuses. The creation of a strong permanen! 
organisation would not merely simplify the procedure, but it should 
make for speed in the assembly and publication of statistics. 

The American Bureau of Census is in fact in charge not 
only of population censuses but also of vital statistics, and 
an orgariization analogous to this Bureau may prove as 
beneficial here as it has proved in the United States. The 
only reasonable objection which may be raised against the 
proposed change is that it would not necessarily ‘make for 
speed in the assembly and publication of statistics.’ But it 
is an incontrovertible fact that for several decades publica- 
tion of population statistics in this country has been slow'er 
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than ill any British Dominion or Colony or in any foreign 
country. An outstanding example of speed in publicalion is 
to be found in India. The area covered by the Indian census 
of 1931 was thirty times as large as that of England and 
Wales, and the population was nine times as large. Yet, the 
forty-nine volumes of that Indian census wiiich included 
an admirable text of several hundred thousand words were 
published v/idiin thirty months after census date. \¥ou!d 
anyone suggest that it is easier to take a census in India, 
that it is easier there to instruct the supervisors and the 
enumerators (2,000,000 as compared with 40,000 in Eng- 
land), to assemble the hlled-iip forms at headquarters, or 
to train the necessary clerical staft' for coding, punching, 
and attending the electric tabulating machines? And would 
anyone suggest that with the present organization it would 
be possible here to achieve what has been achieved in India? 

Difficulties, it is true, may arise in finding the adequate 
personnel for the new organization. The leading men should 
be competent, unbiased, eager, and preferably young. It 
is here that Science can play an important part. Our. 
universities should establish chairs for demography, and 
the students of demography should be thoroughly trained 
ill statistics. Tliis training would enable them to find a 
position as statisticians if they fail to secure employment as 
demographers. But the demand for demographers will bo 
considerable iu the future. The increasing importance of the 
population problem will afford many opportunities of doing 
useful work in this country, and the great development 
schemes in the Colonies cannot be carried out effectively 
without the assistance of expert demographers. 

In the field of demography, as in many other fields, the 
Administration needs the co-operation of Science. Biit there 
is hardly any other field in which Science needs so much tlie 
co-operation of the Administration. The demograpbic 
scholar can discover methods by which the basic demo- 
graphic data may be correctly interpreted but he hiinself 
cannot collect those data. They can be collected only by 
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the Administration, and his chances of getting the data he 
needs will obviously be much greater if he contributes 
towards the education of the future personnel of tiic 
Administration. 
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What the Earth is made of 

ERNEST TILLOTSON 
Introduction. 

The earth is nearly a sphere having an equatorial diameter 
of 12,756-776 kilometres (7,927-06 miles) and a polar dia- 
meter of 12,713-7 kilometres (7,900-29 miles). It has a mass 
of 5-98 X 10'^‘^ kilograms (5,870 million million million tons.) 
and it thus weighs 5-5168 times as imicli as it would if it 
were made solely of water. The corresponding ratio for 
average surface rocks is 2-6, and thus we see that the 
interior of the earth must be made of material much more 
dense (‘heavy’ when we take unit volume). Our knowledge , 
of the interior of the earth is obtained by inferences from 
observations and experiments made within the uppermost 
4 or 5 kilometres (3 miles) of thickness or depth. In our 
task of finding what the earth is made of we therefore 
proceed by making a mental model of the earth, the parts 
of the model being constructed from our observations and 
deductions from experiments. We can then amend this 
model if necessary as new facts come to light. That we do 
alter it from time to time and that we are still prepared to 
do so, and to discuss alternatives, indicates that our present 
model is not perfect. Its lack of perfection is caused by cur 
observations being incomplete, and some of o-ar deductions 
faulty. Let us examine the 1948 earth model, and the 
observations and deductions used in the making of iL ■ 

A giance at a clift-face shows the rock to bo arranged in- 
layers and these layers to be concentric with tlio eanli'a 
ceivlre. it is not, therefore, a wild flight of fancy to imagiive 
!he earth to be made up of concentric spherical shel:s, 
something like an onion, these shells increasing in dcnsiiy 
us v\e go towards the centre (see plate 20). The nwJ cb'- icus 
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Step is to try to discover how thick these shells are indivi- 
dually, and of what kind of material they are likely to be 
made. Let us first look at the outer 4 or 5 kilometres thickness. 

What the geologist has to say. 

When the soil and sub-soil have beeii cleared away from 
part of the earth’s surface by wind, streams, glaciers or 
other natural agencies, or by the hand of man as in quarries 
and mines, we can see the rocks. Rocks may be classihed 
into three types, sedimentary, igneous and metamorphic. 
Sedimentary rocks are those which have been deposited by 
the agency of wind or yvater; igneous rocks have been 
formed by volcanic action, that is they have been molten, 
and metamorphic rocks are either of the above altered by 
heat or pressure or both. Sedimentary rocks may be recog- 
nised by examining the individual mineral grains of which 
the rock is composed, when these are seen to be water- or 
wind- worn, and by the presence in sedimentary rocks of the 
remains of the fishes, animals or plants which were living 
at the time when the rocks were deposited and v/hich are 
now found as fossils. By examining these fossil remains 
and by noting carefully' the relative positions of undisturbed 
horizontal beds as they occur one above the other we can 
distinguish a sequence, which, in the British Isles has been 
worked out, and the groups of rocks given names as follows : 
at the base of the sequence and therefore the oldest sedi- 
mentary rocks, pre-Cambrian, and above this in order as 
the rocks were deposited more and more recently, Cambrian, 
Ordovician, Silurian, Devonian, Carboniferous, Permian, 
Triassic, Jurassic, Cretaceous, Eocene and Oligocene, Plio- 
cene and Recent. Igneous rocks may be recognised in that 
the Individual mineral grains have not been rounded, the 
rocks in mass are not arranged in layets or strata, but they 
have been intruded into the surrounding sedimentary rocks 
and they do not contain fossils. The character of meta- 
morphic rocks is indicated by their position amongst otlicr 
rocks, i.e., near intensely contorted strata or igneous in- 



W H A T T H E E A R T ti IS M A DEO r' 65 

trusions, and by their appearance in hand specimens or in 
thin slices under the microscope, if at one time they were 
sedimentary and contained fossils these will .have been 
altered beyond recognition. The examination of the in- 
dividual mineral grains singly or in thin sections under a 
microscope assists identification. 

The various minerals needed for our civilisation arc 
found concentrated in ore bodies, which, makes commerciai 
exploitation possible. The presence of tJiese minerals in the 
crust as a whole is often in very small proportions. For 
example iron is present to the extent of about 5 per cent by 
weight of the whole crust, copper 0-01 per cent and lead 
0*002 per cent. The concentration of minerals into ore 
bodies is often by volcanic action, but occasionally by water 
sorting or other natural process. 

The thicknesses of the individual strata vary greatly from 
one to another, and evem the same stratum is of different 
thickness from place to place. Sometimes one or more 
strata may be entirely absent, causing a non-sequence or 
unconformity at that point. At the thickest places as in 
the Alps, Andes, Himalayas and Rocky Mountains the 
total thickness of sedimentary rocks may be 4 kilometres 
(2|^ miles) whilst under the Pacific Ocean it supposed 
that they arc entirely absent. 

JVhat the geophysical prospector tells us. 

When a geologist examines the stratified rocks at the earth’s 
surface and finds them dipping or their bedding planes 
sloping into the ground he can take the angle of dip and 
with a knowledge of the topography draw a section to show 
what happens to them underground. In this he is assisted 
by other observations of other strata in the district, and 
■possibly by the reappearance of the original strata (recog- 
nised by fossil assemblage) further away. This is called 
extrapolating from known data to unknown regions. The 
only real proof that his extrapolations are justified is by 
drilling and examining the cores so obtained. This L very 
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e?ipcnsivc and nowadays there are cheaper ways of lesiiiig 
geological inferences obtained in the above manner. Tbe.se 
less expensive methods are called geophysical prospeciing, 
because we make use of the pliysicai properties of the rocks 
and examine them with the apparatus which physicists 
normally use in their laboratories and observatories. The 
four chief methods are magnetic, electrical, gravitational 
and seismic. V/e will examine these methods in some detail, 
particularly the seismic method, as they are also useful for 
the larger work of probing the deep interior of the earth. 

The magnetic method depends upon the magnelic sus- 
ceptibilities of various minerals in the rocks. The presence 
of deposits of iron, nickel or cobalt ore can readily be 
detected by this method even if they are buried to a depth 
of over 1,500 metres (5,000 feet). Ores which occur in 
association with, say, magnetite or pyrrhoiite can also easily 
be located by this means, though the percentage of iron 
present in a mineral is not the only criterion of its magnetic 
susceptibility. Occasionally certain igneous rocks such as 
basalt, diabase, diorite or serpentine are more strongly 
magnetic than, say, haematite, w'hich contains a higher 
percentage of iron. In magnetic surveys the vertical com- 
ponent of tlic earth’s magnetic field at a given point is usually 
found, as tliis in practice is more sensitive for the pjurpose 
of locating undergroimd deposits or determining tectonic 
structures than finding the horizontal component, in most 
in.struments of the type used in the field this vertical magnetic 
force is compared with an opposing force in the instrument 
due to, say, gravity, torsional or bifilar suspension or the 
magnetic force of an auxiliary magnet. The magnetic survey 
is the quickest and cheapest of all surveys, it does not riced 
a trained observer and is independent of topography, its 
limitations are due to the fact that only some rocks have 
magnetic properties. It has proved extremely useful in such 
countries as Sweden. 

The gravitational method of obtaining evidence concern- 
ing underground structures depends on the variations of 
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density of liic rocks as we go from place to place. The work 
is not carried out by means of a pendulum which would 
measure the absolute value of gravity in any place, hut 
usually by means of a torsion balance which measures 
horizontal variations in gravity. The first effective torsion 
balance was constructed by Baron Roland von Eotvds, 
Professor of Physics at the University of Budapest, in 1888. 
One type of the E5tv5s torsion balance consisted of a ligh 
horizontal beam with equal masses of platinum at each 
end. - one actually at one end of the beam and the odrer 
suspended at a depth of about a metre from the other end 
of the beam. The system was suspended from the mid-point 
of the beam by means of a delicate suspension wire, the 
torsion in which acted in opposition to the tendency of 
the earth to rotate the beam into one definite position. 
The suspended beam carried a mirror by ineans of wdrich, 
in association with a scale mounted on a separate stand, a 
telescope cou|d be used to observe changes in the position 
of equilibrium of the beam. The greatest success of the 
instrument lies in delineating the extent of large bodies of 
very high or very low' density when these occur fairly near 
the surface. The boundaries of salt domes, associated iii 
some parts of the w'orld with petroleum deposits, can be 
mapped efficiently, after the necessary corrections for the 
effects of surface features have been applied. 

Electrical methods have been used to determine the 
depths and dips of hidden layers of rock and are baseci on 
the differences in. electrical conductivity between adjacent 
rock bodies. These differences may be very large and hence 
there is a greater range in this method than in any of the 
other methods. The oxidation of certain sulphide ores 
produces natural earth currents, but in otlier cases it is 
necessary to set artificial electric currents in the earth and 
asceitairi their effects. 

The seismic method of prospecting is probably the one 
which is capable of the greatest accuracy to-day and the 
one which has the greatest possibilities of advancement in 
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the future. The cost is fairly high but it pays dividends by 
its efficiency and it is much cheaper than drilling. Relatively 
simple geological structures such as salt domes, anticlines, 
and horizontal strata have been dealt with successfully up 
to the present time. The earthquake waves are produced 
artificially at a known instant by firing electrically a quantity 
of explosive. In the neighbourhood of the Gulf of Mexico, 
when prospecting for salt domes, 70 to 90 kilograms (150 
to 200 lb.) of T.N.T, are buried 4 to 6 metres (14-20 feel) 
underground and fired electrically. In that part of the 
world the hole is sometimes left unfilled. In England and 
more populated areas less explosive is employed, though the 
people of Leyland in Lancashire thought they had ex- 
perienced a natural earthquake when a shot was fired in a 
30 metre (100 feet) borehole in the neighbourhood when 
prospecting for oil on Sunday morning, 21 July, 1946. The 
action of the explosive is to generate at least two types of 
waves. In the first type, called primary (P), the particles move 
backwards and forwards in the direction of the wave, which 
is thus longitudinal. It is of the same nature as a sound 
wave though often the frequency of the wave is such that 
human beings cannot hear it, and an instrument is required 
for its detection and reception. The second type of wave 
is called secondary (S), and as the wave passes any point 
the particles in its path move to and fro at right angles to 
the path. It is thus a transverse wave, and is slower than the 
P wave. Moreover it must be transmitted through solids. 
Liquids and gases cannot transmit S waves. In seismic 
prospecting at present P waves only are used, though in 
future S waves may be employed. The instruments used to 
detect these waves, which are similar to two waves present 
in natural earthquakes, are called seismographs and the 
records obtained by them seismograms. In principle, the 
horizontal seismograph consists of a weight fixed at one 
end of a nearly horizontal rod, which is pivoted at the other 
end. When the earth quakes everything moves except the 
weight, which stands relatively still. The relative movement 
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Fig. 12,— The speed of travel of both S and P waves increases as 
go deeper into tlie Earth, until the core is reached. 

of the weight and the surroundings, a few thousandths of 
an inch, is magnified and then recorded on paper feed to 
a revolving drum. Time marks are also put on the paper. 

There are various ways of arranging the work in seismic 
prospecting, but here we will consider only two wa 5 ’s - 
refraction shooting and reflection shooting. Suppose in tlie 
first instance that the area has been geologically surveyed 
and that a salt dome is to be expected. We first wish to 
find the horizontal extent of the salt which is surrounded 
by Tertiary strata. If we fire a charge of explosive at S 
(Fig. 13) and have seismographs at A, B and C, equal 
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distances from S, to receive the P waves, and if the ground 
homogeneous (uniform throughout) the wa.ves would 
ail be received at the same time on the three seismographs. 


Fig, 13. — A plan view of seismic prospecting. 

But as SA travels through the salt, which transmits P waves 
twdee as fast as the surrounding rock, the waves will arrive 
at A before they arrive at C. By using a large number of 
seismographs it is relatively easy to distinguish the tan- 
gential ray SB and hence to find the limit of the dome in 
this direction. The prospector may then work round the 
deposit in a similar manner. 

The next problem is to find the thickness of the over- 
burden - the depth of the top of the salt. If an explosion 
at S (Fig. i4) causes an artificial earthquake to have S as its 
focus, P waves will travel outwards in all directions from S. 
Those vertically downwards will continue uninterrupted; 
those making a small angle with the normal to the surface 
will travel to the top of the salt and there be boit or re- 
fracted in a similar manner to that of a light wave going 
from air to water. A ray SP striking the top of the salt at the 
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Fig. 14.-— A section through the Earth’s surface. 

V ' ■ ■ 

(such that sin A— 

will not go deep into the salt but 'wiil travel along the 
boundary with a speed equal to that in the salt (V). v is the 
speed of the P wave in the overburden. From every point 
along the boundary diffracted waves will come up through 
the overburden to the surface and these will be received by 
seismographs placed at R„ R^, Rj, R and R^. The direct 
wave, with its whole course through the overburden, will 
also be received by these seismographs. On each seismogram 
the times of arrival of the direct wave and diffracted wave 
are noted and the point R found where the two waves arrive 
simultaneously. If the distance SR“2v and if the path 
SPQR is such that for SP, 

sm A=- 
V 

then it may be proved tliat the depth of overburden .r is 

given by 

.V-v 

Now V and V can be found from the slopes of t lie distap.,ce- 



It would be impossible to use the above method if the 
speed of the P wave in the lower layer of rock were slower 
than the speed of the P wave in the upper layer, 

" Reflection shooting is more difficult. It depends upon 
PQ (Fig, 14) being a good reflecting horizon, and the shot 
in the boreliole being sufficiently powerful for echoes to be 
transmitted through the overburden so that they can be. 
recognised as such at R„ Rj, R3, etc. This must be so in 
spite of the much larger direct waves arriving at the seismo- 
graphs, and moreover the timing of the echo must be carrifid 
out with an accuracy of a thousandth of a second. Only 
really good modern apparatus will accomplish all this. If 
the earth is multi-layered at that point, the prospector must 
find which horizon is giving the echoes but otherwise the 
field problem is merely one of finding the speed of the P 
waves in the upper layer and applying this to the timing of 
the echo. For this work a seismometer with short natural 
period and low sensitivity is fitted with an electromechanical 
Irans-ducer, usually of the moving coil type. The P wave is 
thus mechanically received and the movement converted 
into electrical impulses. These are then magnified several 
million times by means of an electronic amplifier which is 
also a band filter, letting through only frequencies of 30 
to 60 per second. The amplifier is also controlled so that 
it only starts its work after the direct waves have passed 
and when the echoes are due to arrive. The electrical 
impulses are then passed through a small d’Arsonval type 
galvanometer and recorded photographically on a strip of 
paper moving 2 or 3 feet per second. Time marks are 
placed on the same strip by means of a mirror reflecting a 
spot of light from an oscillograph oscillating at 100 cycles. 
Clear marks are thus placed on the strip each five-thou- 
sandth of a second. A seismic survey verified and measured 
the shale-capped carboniferous anticline at Eakring in 
Nottinghamshire, England, where oil was later found by 
drilling. 

Thus far we have considered the exploration of the outer 
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layer of the earth, which is the one bandied by geoloeists. 
This portion of the earth is called by steophysicists" tlie 
sedimentary layer. It is largely sedimentarir in the" geological 
sense as it is composed chiefly of such rocks as limestone 
sandstone, shale and clay, which are the products of 
weathering and reconstitution of the original stony surface 
material. We will now probe deeper. 

The interior 

The basement complex of pre-Cambrian rocks about 
1,500,000,000 years old, is visible in Finland and consists 
there of 52.5 per cent by weight of granite, 2 1 .8 per cent 
mixtures of granite-, sediments (the earliest deposited on 
Earth) and old Volcanic rocks, 4.0 per cent graniilites 9.1 
per cent schists (a metamorphic rock whose crystals are 
distinguishable to the naked eye, which is conspicuously 
thinly foliated and in which felspar is absent), 4.3 j^er cent 
sandstones and quartzites, 0.1 per cent limestones and 
dolomites and 8.2 per cent basic rocks unlike granite but 
once molten. It will be seen that it is truly granitic in 
composition,, originally largely igneous though partly sedi- 
mentary, but now largely metamorphic in texture. There 
may be local variations in this metamorphosed mass of 
pre-Cambrian rocks, but according to seismological evi- 
dence it is fairly uniform in character and about 1 0 kilo- 
metres (6.1: miles) thick. It is called the granitic layer and 
envelops the whole earth with the exception of the Pacific 
Ocean. 

Under the granitic layer is another uniform layer some 
20 kilometres (nearly 12i miles) thick which has a com- 
position intermediate between granite and basalt and which, 
in consequence, is called the intermediate layer. This may 
also be absent from the bed of the Pacific Ocean, but it is 
present everywhere else in the Earth. 

The sedimentary, granitic and intermediate layers to- 
gether form the Crust of the earth which took its name at 
the lime when it really was considered to be the only solid 
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part of the earth. Natural earthquakes and very large 
explosions such as the atom bomb tests in New Mexico 
on 16 July, 1945, and Bikini on 24 July, 1946, the Burton- 
oii-Trent explosion of 27 November, 1944, the Pori 
Chicago explosion of 17 July, 1944, and the Heligoland 
explosion of 18 April, 1947, all sent P and S waves right 
through the crust and thus give us data concerning its 
constitution, structure and size. 

Below the crust is the mantle, which continues to the 
edge of the core. The top of the mantle is probably the 
floor of the Pacific Ocean and it appears likely that large 
local reservoirs in the mantle, caused by a temporary relief 
of pressure, were the sources of the great basaltic lava flows 
of the Deccan of India and the Giant’s Causeway in Nor- 
thern Ireland. The mantle is thought to consist wholly of 
basalt (dark coloured, dense, basic, alkali rock poor in 
silica) crystalline for the top 70 kilometres (43|- miles) and 
glassy below. Towards the base of the mantle metallic ores 
are probably present in greater proportions. Elsewhere, 
various small changes in composition or texture have been 
suggested from time to time, but these changes are not 
siiSiciently obvious to have gained universal acceptance. 
The mantle is solid throughout and transmits S waves. It 
has a rigidity of 16x10*’ dynes per square centimetre 
(10,352 tons wt, per sq. inch) which is about twice as rigid 
..as steel. 

The base of the mantle is at a depth of 2,780 kilometres 
(1,728 miles) from whence there is a gradual change to 
3,000 kilometres (1,864 miles) -where the core begins. The 
core ranges in density from lOT gm. per c.c. (630-5 lb. per 
cu. ft.) at the outside to 12-2 gm. per c.c. (761-6 lb. per 
cu. ft.) at the centre. It is thought to be liquid and may he 
composed of iron and nickel. It focuses earthquake waves 
which pass through it (as a magnifying glass focuses light) 
to a point in the antipodes and around this focal area is a 
shadow zone stretching roughly from 102° to 143° from the 
epicentre (poini on the earth’s surface directly above the 
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starting point of an earthquake). Furthermore, echoes of 
waves from natural earthquakes reflected frojii the core 
boundary can be distinguished on seismograms and these, as 
in reflection shooting (seismic prospecting) enable ns to find 
the depth of the boundary. The high pressures existing and 
the physical properties of the material at these high pressures 
l-reep the core stable, though at these temperatures and pres- 
sures it may constitute a transition region where physical 
and chemical properties begin to change strongly, (These 
conditions are nothing like the conditions inside stars, 
however.) 

Temperatures within the earth. 

The temperature gradient in the crust of the earth is such 
that it gets about i^’C warmer in every 30 metres {i°F for 
every 18 yards deeper approximately) though there are 
large variations such as over salt domes and granite plugs, 
and over basement rocks. The heat curreiit through the 
earth’s surface Is about I0~® calories per second per square 
centimetre (3-69 X 10~^ British Thermal Units per 
second per square foot) and this appears to be largely 
accounted for by the estimated spontaneous production of 
heat by the known average radioactive mineral content of 
rocks in the uppermost 40 or 50 kilometres (25 to 31:]: miles) 
of the earth. Furthermore, laboratory experiments tend t:? 
confirm that at high pressures rocks and minerals and mends 
are superconducting to heat and wc are thus led to the con- 
clusion that the interior of the earth no longer contributes 
to the heat flow through the surface. Except for the outer- 
most part of the mantle the temperature in the interior of the 
earth appears to be not far from the temperatures existing 
at the time when the crust solidified. 

When the earth was originally gaseous it is thought to 
liave had a temperature of 6,000“ absolute ~ 

10,340”F) ; the crust became solid after about 1 5,000 years 
and soon afterwards the surface cooled sufficiently for 
oceans to condense. The temperature of The earth's centre 
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may now be just over 2,000°C (3,632“F), the temperature 
at about 80 kilometres (49| miles) being about l,200®e 



(fl) 



( 6 ) 


Stage 2. 

Fig. 15.— The Wegener theory of Continental drift supposes that at 
one time ail the continents of the world were bound in one great land 
mass (see (a)). Under the influence of the Earth’s rotation they began 
to tear apart, atiaining an intermedrate stage (W. 
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Forces in the earth’s crust. 

A coiiiidemtion of the conditions under which the dcposi- 
iion of ccrtiiin sedimentary rocks took place togcihcr with 
an e\aniinr.!ion of their fossil content, show's us tii.it arcc.s 
which are now dry land were at one time beneath the sea. 
It is one of the fundamental aims of geology to reconstitute 
past geographies and to determine, from the time wheii the 
oceans first formed on the earth, the changing positions of 
the shore lines. During the course of tiiis time, points on tiic 
earth’s surface have changed their relative vertical positions 
through several thousands of feet, and rocks which tvere 
deposited horizontally on the ocean floor have been raised 
to become dry land, and often compressed laterally until 
they have in some cases been left standing vertically, and in 
other cases as in the Alps and the Highlands of Scotland 
been turned right over. Ours is truly a mobile earth. The 
pressure appears to have come from different directions at 
different times though the whole process has been extremely 
gradual. For example, pressure from the North-east and/or 
South-west which folded the rocks of the Charnwood 
Forest area into axes which run North-west to South-east 
took place in pre-Cambrian times about one thousand 
million years ago. The NE - SW Caledonian axes typical of 
parts of Scotland were caused mostly in post-Silurian times 
about 400,000,000 years ago. Later on the direction changed 
again, for in post-Carboniferous and post-TriavSsic times 
(from 1 50 to 50 million years ago approximately) we find the 
fold axes were made to lie roughly north and south as in the 
Malvern Hills. 

Sometimes, when the lateral pressure which, causes 
rnounrairis to be formed is too great for the strength of the 
rocks, the rocks crack or ‘fault’ and at the same time an 
earthquake takes place from the point where the first crack 
appears. Relative movement of the rocks on both sides of 
the fault also takes place. Earthquakes start or have their 
‘foci’ at any depth in the earth down to 700 kilometres 
(435 miles), and earthquakes at tliis depth appear to have 
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boon caused in ibc same way as earthquakes which start 
at the earth’s surface. This point is, however, still under dis- 
cussion, If earthquake epicentres are plotted on a map 
according to their depth of origin interesting results are 
obtained. We find that earthquakes with shallow foci, i.e. 
0 - 100 kilometres (0 to 621 miles) and intermediate foci, 
i.c., 100 to 290 kilometres (62i to 181 miles) are closely 
associated with Tertiary or more recent mountain building 
(within the lust 60 million years), whilst deep focus shocks, 
i.e. 290 to 700 kilometres (181 to 435 niiles) are associated 
with pre-Carnbrian topography (1,000,000,000 years old). 
What was the origin of the lateral forces in the eaith’s 
crust which from time to time have been responsible for 
all this movement and mountain building? Some have 
been due to the contraction of the earth’s interior conse- 
quent on cooling, and some may have been caused by 
variations in temperature within the crust and upper mantle 
owing to radioactivity, but the full story is not yet known. 
Mountain building appears to have gone on at a much more 
rapid rate during some periods of the earth’s history than at 
others. Let us take aTook at the ‘foundations’ of the crust, 
i.e, the upper part of the mantle. 

The crust of the earth is often called SIAL on account of 
its estimated average composition by weight, which is SiO^ 
59-12 per cent, ALO, 15-34 per cent, other minerals making 
up the remainder. The material beneath this is often called 
the SIMA because of a preponderance in it of minerals con- 
taining silica and magnesium. Now the upper part of the 
SIMA, called the astheno-sphere, yields to the crust above it. 
During the last (Pleistocene) ice age Scandinavia was de- 
pressed about 700 metres (765a- yards) by a load 3 kilometres 
(]|-5 miles) thick of ice, and is even to-day gradually recover- 
ing from the load. The theory of isostasy concerns Uiis 
hydrostatic support of the earth’s crust by the mantle and 
states (in one of its forms) that each vertical column of the 
earth's crust, in regions that have not been recently dis- 
turbed, which have a radius of at least 10 kilometres (fd 
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miles) and extend, down to a definite depth oi’ compensation 
(usually taken at some depth betv/een 60 and 122 kilometres 
= 37;1 and 75|- miles) has approximately the same mass 
whether its column occurs in a continental, mountainous or 



Fig. 19.-— Isostasy according to Pratt, 
oceanic region. The formulation by Pratt requires the den- 
sity of the column to vary inversely as its height, whereas the 
formulation by Airy requires the density of a given layer to 
be constant, but under mountains the lighter surface 
material to e.xtend to greater depths. Both formulations are 
no doubt true in difierent parts of the v/orld and both rest 
on accurate observations of the acceleration due to gravity 
obtained by pendulum experiments. Regions of the earth 
where movement is still going on, such as the Himalayas or 
Alps, Rockies or Andes have not yet attained isostatic 
equilibrium, but older mountain chains have. On one of the 
latter, if we swing a pendulum at the top of a mountain it 
should swing more times to the minute than the same pen- 
dulum on the plain below (after correcting for distance, from 
earth’s centre, etc,), since presumably there is a bigger mass 
between it and the earth’s centre. We find that this is not so 
and the pendulums swing in the same time, thus giving 
■pvidpnne in snnnorfc of the.hvnothe.sts. 
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Fig. 20.— Isostasy according to Airy, 


Astronomical conskkratiom, 

Our earth luodel must fit into its place in the solar system. 
Pvleteorites or ‘shooting stars’, which may be seen on most 
nights in England, but more particularly during November, 
are objects which dart across our sky apparently falling to 
earth, though often disappearing before they reach the 
earth. Evidently they are dark objects from outer space, 
attracted by the earth, which glow by friction with the 
earth’s atmosphere. This white heat disintegrates them 
entirely if they were originally small in size, but if they were 
initially large enough, they reach the ground. Some which 
liave reached the ground have been examined. They have 
varied in size from hundreds of yards in diameter to ihe 
size of a pea. They are of three types; Aerolites (stony), 
Sidcrolites (stone-iron), and Siderites (iron-nickel), and fall 
approximately in the proportion of 35 stony meteorites to 
i iron meteorite. There are very few sideroHtes. Th.c iron 
in the siderites is octahedral in crystallisation whicli is the 
gamma or high temperature form, and in sosne of the 
siderites diamonds, a long-period higli-pressure crystailiscd 
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form of carbon, are found. The aerolites are largely com- 
posed of igneous rock whose average chemical composition 
is very like that of terrestrial peridotitic rocks (a rock in 
which crystals of olivine may be readily distinguished and in 
which there is very little else. They are extremely poor in 
silica and are definitely ultra-basic). Meteorites appear to 
have come originally from some mass of cosmic matter 
which had a spherical form, increased in density towards the 
centre, and had cooled from a molten mass free from water 
before it disrupted.. It is suggested that this cosmic mass was 
similar in constitution to the earth, wdth possibly the outer 
crust and atmosphere missing. Meteorites support the 
hypothesis that the mantle of the earth is composed of ultra 
basic rocks and that the earth’s core is made of iron with the 
addition of some nickel. 

Finally, the elastic constants of the earth’s layers obtained 
from the rates of transmission of earthquake waves, are 
found to be the same as those obtained from a consideration 
of the tides set up in the earth by the gravitational forces of 
the moon and sun. 

Thus we find that although the 1948 model of the earth is 
better than previous models, there are still large parts of our 
model to improve before we have a model which will work 
exactly like the earth itself. Observation is the key to the 
problems- involved. 



Glass 


K. L. LOEVVENSTEIN 

The art of glass manufacture depends on melting together 
a number of substances, which, on cooling rapidly, will set 
to give a clear, transparent solid. From a physical point of 
view this corresponds more to the liquid than to the solid 
state. For example, the change from liquid water to solid 
water (ice) takes place at a definite heraperature, and as k>iig 
as both water and ice are present the temperature of the 
mixture will be 0°C or 32‘'F ; wfitli glasses this is not so on 
cooling, the viscosity increases continuously, and there is no 
definite temperature at v/hicli the glass can be said to 
solidify; similarly, on heating glass from room temperature 
it will soften more and more without any break in the tem- 
perature curve. This is be.st illustrated by means of a graph, 
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plotting viscosity against temperature. Glasses will give a 
curve of the continuous type (A), whereas liquids and solids 
give the discontinuous type (B) (Fig. 21). 

For tills reason the glassy state has been termed 'vitreous/ 
and glasses are often described as ‘super-cooled liquids.’ 
The decomposition of glass into solid constituents can take 
place, especially when the glass is cooled very slowly ; this is 
called ‘devitrification’ This often takes place years after a 
glass article has been made, and there is no known method 
by which it can be arrested. 

The properties of glass must be in accord with the func- 
tions that it has to fulfil. For example, the wires of electric 
light bulb filaments have to be sealed into glass. To get a 
good seal, not only must the coefficients of expansion of tlie 
glass and the metal be as nearly identical as possible, but 
also the rate of change of these coefficients must be the 
same at any temperature. Any serious deviation from these 
conditions is liable to produce fracture. 

The constitiierUs of glasses: 

(1) Glass-formers, These are pure substances which can 
exist as glasses by themselves, and without which no stable 
glass can be made. For example, silica (sand) can be made 
into a glass, but lime, present in most glasses, or lead oxide, 
present in many, cannot fonn a glass. 

By far the most important glass-former is silica; the 
others are germanium dioxide, beryllium fluoride, and 
phosphorus pentoxidc ; the last, in particular, has now been 
extensively investigated for special electrical and optical 
purposes. 

What makes a substance a glass-former is a question of 
relative atomic size of the atoms making up the substance. 
Firstly, the cation (silicon, phosphorus, etc.), must be large 
enough to space around itself a number of anions (oxygen, 
fluorine, etc.), to permit the formation of a three-dimen- 
sional network structure; and secondly, the anion must be 
small enough in relation to the cation to fit into such a 
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structure. For example, berylliiiin iiuoride is a glass- 
former ; on substituting a smaller atom, e,g. lithium, for 
beryllium, or a larger atom, e.g. bromine, for fluorine, we 
find that the substitutes are too small or too big respectively 
to fit into the netv/ork structure. 

It has been found that the ratio of the atomic radii of the 
cation to the anion must be approximately 0*3, 

The high stability of silica glasses compared with ocher 
glass-formers is ascribed to the , fact that the ratio of the 
number of cations to anions is 1 : 2, so that each silicon atom 
can group around itself four oxygen atoms in the shape of a 
regular tetrahedron, and that each oxygen can hold two 
silicon atoms; furthermore, as no oxygen can hold more 
than two silicon atoms there is a certain flexibility in the 
joining together of Si 04 tetrahedra. Hence the energy in the 
supercooled state is not very different from that in the 
crystalline state, and the tendency to devitrify is small. 

If, however, other groups besides the SiO^ tetrahedra are 
incorporated in the glass structure, the tendency to devitrify 
is increased. 

(2) Other constituents: — ^The breaking-up of the three- 
dimensional SiO* network by other constituents v.iU lower 
the melting point of the mixture, and good glasses can be 
obtained at temperatures as low as I,250’C, compared with 
1,750°C for the melting point of silica. 

The network can he broken up by any substance that is 
soluble in the glassmelt, and which has no tendency to 
separate out on cooling. The oxides of the alkalies (lithium, 
sodium, potassium, rubidium, and caesium) are the most 
powerful substances to break up the silica network, as each 
molecule of alkali oxide breaks up one - Si - O - Si - link, 
thus 
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Silica in the vitreous state. 
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One molecule of sodium oxide, Na^O, has entered the 
glass structure. (The diagrams are projections on to a 
plane, and do not represent relative distances, etc.) 

It can be seen that there must be a limit to this process of 
breaking up the silica network ; this limit is the formation of 
sodium silicate (waterglass). In glassmaking the limit is 
governed by the stability of the resultant glass ; as a rough 
guide not more than 18 per cent of alkali oxide can be 
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incorporated into a glass without asking for trouble : the 
glass tends to devitrify even in the molten condition, and 
the iinisiied article will be attacked rapidly by the carbon 
dioxide in the atmosphere. 

The continuity of the silica network can also be broken 
up by replacing some of tlie oxygens by fluorine. Ox 3 'gen 
is divalent and can, therefore, act as link between the indi- 
vidual tetrahedra; fluorine is monovalent and therefors 
cannot. This method has its drawbacks as fluorides are not 
very soluble in the giassmelt, and the pots in which the glass 
is melted are badly corroded. 

Calcium oxide (lime), barium, lead, zinc, and magnesium 
oxides do not break up the silica network, but thin out the 
tetrahedra, e.g. 


— O— Si— O— Pb— O— Si--0— Si— 0--Pb~-0~ 

M 11 


\ / I \ 0 —St 

Si Pb Si< 

/ \ ^ / O 

O O , O \ 

/ / 

The extent to which, these divalent metals can be added 
in the form of their oxides depends on the properties of the 
resultant glass, the solubility of the oxide in the glass, etc. 
With lime, barium oxide, zinc and magnesium oxides, the 
glass becomes unstable when about 25 per cent is used; with 
lead oxide, however, glasses containing 90 per cent have been 
made and are quite stable. Lead crystal glasses contain 20 to 
30 per cent of lead oxide. 

The melting properties of most glasses can be improved 
by adding boric and/or aluminium oxides. These, when 
added in small quantities (up to 5 per cent), caii form tetra- 
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hedra, whicii, being of a different size to those of siiica, will 
distort the symmetry of the SiO^ groups in relaticri 'O one 
another. This gives greater flexibility to the glass structure 
wiihoirt breaking up the network. 

The sum total of all these effects on the originally sym- 
metrical network is that it is impossible to represent visually 
and accurately the structure of a glass as was attempted 
above All, that can be said on the subject is that the average 
position of the individual constituents is, say, one aluraimi 
group for every 50 silica groups, on the average every 
24th Si - O - Si link is broken by an alkali atom, or, for 
every three SiO,_ groups there is one lead atom thinning out 
the structure, But we must remember that these arc average 
positions, and deviations may be considerable. It is impos- 
sible to picture the structure of glass ; the lines and chains 
of atoms are twisted and turned in all directions ; the space 
allotted to each atom varies, some are squeezed in, some 
have more ‘breathing space," but, on the average, they just 
about fit in. In teclmical language this has been termed a 
random network structure, common also to mixtures of 
liquid substances ; this is another reason why the physicist 
calls glass a supercooled liquid. 


Viscosity 

DR A. E. BELL 

Viscosity plays perhaps as large a part in the piienornenu 
of everyday life as does friction - with which it is related, it 
is iu fact an effect we commonly exchange for friction when 
the latter is undesirable. When we wish to reduce the drag 
between two metal surfaces, as in the moving parts of 
machinery, we introduce a thin layer of oil tvhich acts as a 
lubricant. This replaces frictional loss of energy by a loss 
due to viscosity, but with a suitable lubricant the loss is much 
less, and the wear is eliminated. The viscosity, or resistance 
to flow olfered by the lubricant in the bearing, remains an 
unavoidable nuisance, but fortunately the viscosity of a 
liquid in practically all cases shows a marked decrease as the 
temperature rises, and this means that considerably less 
energy is lost once an engine is warmed up. As I)r Bowden 
pointed out in his article on Friction the existence of such 
a drag between bodies is in some respects useful, in others 
a nuisance. It is the same here with viscosity. A reasonable 
amount of viscosity in a paint is an advantage since there is 
little fiow' during the time taken for the paint to harden. Too 
much will mean that the brush marks are retained too long 
and surface tension will not be able to flatten the surface 
before it is hard. Fortunately there are certain liquids which 
exhibit a reduced viscosity when they are stirred rapidly, the 
eflhct being called thixotropy. A small amount of thixotropy 
may be an advantage in a paint or varnish - while it accounts 
for some of the attractive qualities of whipped cream! 

Much attention has naturally been given to the composi- 
tion of lubricating oils and the properties which are desirable 
in them. They are all compounds of hydrogen and carbon 
with many carbon atoms arranged in fairly long chains. 
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These molecules slide over each other and one layer seems to 
cause a drag on the next through the entanglement of the 
chains. This sliding of one layer over another, like the 
sliding over each other of the cards in a pack, is called a 
shear. In Newton’s great Principia of 1687 it was pointed out 
that the shearing force F is connected with the rate of shear, 
dv/dx, the viscosity and the area of the layers A by the 
equation F=jA — 

dx 

and this is still the relation employed in measuring viscosity. 
Since liquids commonly adhere very strongly to the surfaces 
of solids the flow of a liquid through a uniform circular tube 
involves the sliding of concentric layers over each other with 
the fastest movement at the middle and a zero velocity next 
to the wall. This is what is called laminar or ‘Newtonian’ 
flow, and it mean's that the contour of the velocities across a 
section of the tube is of the form shown on the left. 
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Fig. 22. 

If we think of two flat layers A and B one centimetre apart, 
one moving relatively faster than the other by a velocity of 
one centimetre per second, then clearly A will exert a for- 
ward drag on B and B will exert a backward drag on A. The 
force exerted per square centimetre of either layer is the 
viscosity of the liquid. 

In a general way it is clear that viscosity results from 
forces existing between the molecules as they pass over each 
other, and it is natural that physicists should be anxious to 
connect the viscosity of a liquid With the known properties of 
its molecules. Measurements of viscosity are relatively 
simple and involve study of the rate of flow of liquids 
through fine tubes or the rate of fall of a small metal sphere 
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ihrough a cohnnn of liquid. What is wanted is a science of 
the subject, and straight away we see that to understand 
viscosity wo need to know a good deal about the internal 
conditions, one might say the constitution, of liquids. These, 
we know, are composed of molecules in fairly close contact 
and. the forces between the molecules are unquestionabiy of 
electrical character. Nevertheless we can get on quite well 
without concerning ourselves very much about the origin 
of the forces and simply occupy ourselves with * billiard ball ’ 
molecules moving about in quite a Newtonian manner, I 
mean that we need to think only of the momentum of 
moving particles and the effects of forces on tliem, and not 
concern ourselves at all with electrons and protons, still less 
with those wave aspects of matter with which modern 
physics makes us familiar. 

At first sight it certainly seems as if liquids are really only 
very highly condensed gases or vapours. You have only to 
cool and compress air sufficiently and, as we all know, it 
begins to liquefy. Thomas Andrews- studied the, change in 
the case of carbon dioxide in the sixties of last century and 
he produced evidence to show that there is in fact a ‘con- 
tinuity of state’ between the liquid and gaseous conditions 
of that compound. His method was to study the change of 
volume wdth pressure at any given temperature, and he did 
in fact plot the curve for the pressure/volume relation for a 
series of temperatures. The shapes • of these curves or 
isothermals are shown in the figure. Andrews found 
that for any temperature below STC there is a particular 
pressure at which the gas begins to liquefy : this might be 
called the saturated vapour pressure for this temperature. 
So long as both gas and liquid w'ere present in his apparatus 
the pressure remained constant. So soon as the gas was all 
liquefied it was found that great increases in pressure pro- 
duced no appreciable decrease in volume, on account of the 
incompressibility of the liquid. The result is that the lett- 
hand portions of the curyes arc all vertical. 

The continuity of the two states can best be appreciated 


Fig. 23. — ^The behaviour of carbon dioxide at different temperatures 
(see text below for explanation) ; P, pressure ; V, volume. 

by running the eye from the bottom ieft-haiid part of the 
figure up towards the top right-hand part. The curve marked 
Tc is the isothermal for the critical temperature, and at the 
pressure pc the conditions are in fact exactly hitermediaic. 
On watching a tube half-full of liquid carbon dioxide, as this 
temperature is reached it is seen that the liquid surface 
vanishes without the liquid having boiled away. This is 
because the liquid and gas states have under these condi- 
tions the same density and they are as a consequence 
indistinguishable. If we represent the liquid at a temperature 
lower than Tc by the densely crowded condition of the mole- 
cules in (a) and the gas at that temperature by (h), then at T,j 
and pc the two pictures have to be made idciitical through 
the expansion -of the liquid on the one hand and the com- 
pression of the gas on the other. 



ViSCOSlTY 



Fig. 24 


in his first scientific p-ibllcation the Butch scientist Vun 
der Waals produced (1873) an elegant explanation of the 
facts discovered by Andrews and others. This sticcessiiiily 
treated the liquid state as originating from the gaseous stale, 
and the combined work of Andrews and Van der Waals was 
for many years extremely influential Jeans remarked, how- 
ever, that ‘there was a certain element of luck’ in V^an der- 
Waal’s equation having predicted the change from the 
gaseous to the liquid state. Today the old kinetic theory,, 
according to which liquids closely resemble gases (in that 
tlieir molecules -are distributed in a purely random manner) 
has undergone considerable changes. The nineteenth century 
chemists, it must be admitted, made reniarkabiy good pro- 
gress with a theory of solution in which the molecules of tho 
liquid were treated as if they did not exist! The dissolved 
substance was supposed to have its molecules dititributed 
just as if they were the molecules of a gas and for many pur- 
poses the solvent liquid could be foi'gotten. There was a 
certain paradox iii saying that this success provided support 
for the kinetic tlieoiyr, but so it was generally supposed to be. 
The phenomenon of Brownian movement was probably the 
best visual demonstration of the general correctness of the 
kinetic theory. In this phenomenon, microscopic particles 
such as. those found in Indian ink, or soil, or consisting of 
pollen grains or bacteria, when placed in water am to be 
seen under the microscope to be constantly vibrating or 
gyrating about fixed points so that the whole hold of view is 
gently trembling in its appearance. Einstein gave a detailed 


.;..5 SCIENCE NEWS Vi I! 

mcUiieniatica,! theory of the plieiiomenon, which is clue to the 
unequal bonibarclments of relatively huge floating particles 
by the surrounding water molecules. All that Brownian 
movement shows therefore is the existence of molecules in a 
state of vibration. 

It has not proved to be possible to give a inathcrnaticai 
account of viscosity on the basis of the old classical theory 
outlined in the preceding two paragraphs, and moreover 
there are other matters such as the existence of a more or 
less sharp melting point w'hich are equally (or more) diffi- 
cult. You have only to remove enough of the energy of the 
molecules of a liquid and they begin to take up a pattern and 
‘crystallise’. When the crystals are melted how do we know 
that the pattern completely disappears? The answer appears 
to be that it quite often does not. Professor G. W. Stewart'^ 
was the first to draw attention to the fact that where it was 
possible to obtain X-ray diffraction patterns for both the 
liquid and the crystalline states of a substance there v/as a 
general resemblance between them. In the case of a crystal 
the pattern is formed by the scattering of a pencil of X-rays 
by the regularly spaced atoms, and it would be thought that 
the molecules (and thus atoms) of a liquid would be dis- 
tributed in so random a manner that no pattern w'ould be 
produced. This proves not to be so, although the pattern is 
far less easy to detect than for the crystal. 

Following up this lead Professors Bernal and Fowler in 
1933 published a long paper^: on the constitution of water. 
They considered a wide variety of evidence including tlie 
X-ray scattering effects and they were able to conclude quite 
definitely in favour of a particular kind of ‘quasi -crystailine’ 
structure for water near its freezing point. Their views fit 
in well with Stew'arf^s theory that liquids have a ‘cybolactic’ 
structure, viz., that there are small aggregates of molecules 
arranged as they would be in a crystalline particle. Thus in 
water the same pattern which is found repeated in all direc- 
tions in the ice crystal is present in water even though it 
extends over only a limited number of molecules at a time. 
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The pattern is constantly forming and vanishing at any. 
given point so that on the average only a certain degree of 
order prevails. 

A new theoretical approach has therefore been made to 
the subject and it is supposed that a molecule is ‘ail the time 
within a field of force of about as many other molecules as in 
the solid phase ; it does not, as in a gas, spend most of its life 
in comparative freedom and interact strongly with other 
rnokcules only occasionally’.^ Although the'" picture is not 
yet very clear the results from the experimental and theoreti- 
cal sides seem to be in general agreement. Useful evidence 
can for example be obtained from the study of glasses, whJcii 
are simply liquids cooled down below their freezing points 
but without crystallisation having taken place. It is as if the 
particles of the liquid had been frozen in their positions so 
that they can be studied at leisure. (No doubt it is not really 
quite so simple as that.) ’ 

It must be emphasised that an article of this size and scope 
cannot do more than present a general picture. But enough 
has already happened to make it quite certain that the old 
kinetic theory of liquids is quite inadequate. For the 
specialist there is a large review of the subject by the Russian 
physicist Frenkel.® Frenkel shows repeatedly that we must 
give up the belief that the physical and mechanical proper- 
ties of liquids are radically different from those of solids, and 
indeed the present position is that liquids have as much or 
more in common with crystalline solids as they have with 
gases. 

Quite Inevitably the new view of the liquid state has meant 
a considerable change in the explanation of viscosity. In a 
ilowing liquid it is now supposed that some of the momen- 
tum oi’ one layer is transferred to the next (i.e. in laminar 
fiow) thro'ugii the operation of transient molecular forces 
of the sort found in crystals. On the older theory, molecules 
were supposed to be lost from one layer to the next, and it 
was this whicii v/as supposedhO bring about the Irarisfer of 
momentum. It is clear that the loss of faster-moxiug mole- 


culcs to u slower-moving layer woiikl lirive tliis elTect. 
Fronk-.-i, and in this country Professor Andrade have 
worked out theories of viscosity which are more in line with 
the flew ideas. 'A.s Professor Andrade expressed ii, onUie 
suppe-siiioa of a ‘transitory and fluctuating crystallisation,' 
or a temporary holding of hands between individuals of two 
parallel rows moving- past one another, a theoretical equa-' 
tioii can be derived which holds good for the viscositlss of : 
quite a number of elements in the liquid state. Tiiis equation 
is . 



where A is the atomic weight of the element, IV. tlie melting ' 
point on the absolute scale of temperciiure, the volume of 
the atomic weight expressed in grams and j; the viscosity. 
The cx)astantK has the value 5*1 X IQ-l A modified equation 
can be applied to those liquid compound/;, the rnolscules of 
which have suificientiy uniform fields of force aroun.d tiiem. 

Unfortunately water remains too difficult a problem. The 
water molecule possesses a field of force wliicJi is by no 
means uniform, and as Bernal and Fowler have sliov/n the 
anioutit of ‘order’ in the liquid is relatively high. It would 
seem that the existence of cybotactic units 'must iihci.fefe 
widi laminar flow as conceived in the simplest w-'ay. The con- 
sequence is that there is as yet no compiete physical theory 
for the viscosity of water. Much work has been dor.e, Ivow- 
ever, on the dfect of dissolved substances such as salts. 

The initial effect of all salts in very vreak solutions seems 
to be to raise the viscosity. It is known on. other grounds 
that the ions into which salts are dissociated have consider- 
able resirraning influences on. each other’s nioverncnts, and 
viscosity measurement of salt solutions docs provide in fact 
a useful means of examining inter-ionic forco.s. The ions of 
salts arc surroiuidcd by large numbers of water ir.clccuic'j 
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v/Iiicli Gvi'Jiitatc themselves in the electrical field of the ion. 
There are, besides, ions of opposite charge afivays iii iii;, 
vicinity. Tiie result is an ionic atmosphere which is con- 
shed and rebiiiil as the ion moves through the fioaid. 
Tiie effect o«r the viscosity of the solution has beefi calcu- 
lated, iiotLbiy by Falkcnhagen., and come ajs'-cmeni 
between theory and experiment can be recorded. 

It is soniethiiig of a relief to turn to the soliiticns of iioii- 
ebctrolytes in solvents other than water, for here the coii- 
dltions are a good deal simpler. Here, we almost certainly 
approach the state of affairs envisaged in AnJradeT bieory. 
The inojecifies of the dissolved substance alTect the visco- 
sily in a way which depends in a relatively simple manner Oii 
their size a!id shape. Slaudingcr, for example, uses the 
viscosity of a solution (e.g. in tetraiin) in order to compare 
the lengths of molecules. Thus he has shown that the 
relative alteration in viscosity 

y solution — solvent 
■'? solvent 

depends directly upon the concentration of the dissolved 
substance and the size of its molecules. Provided the sub- 
stances compared are of the same chemical type the method 
gives a quick means of comparison of the sizes of molecules 
i^ioduo’d in the important process of polyrne-isatioii. In 
polyiTicriralion the chemist is causing small molecules to 
join up, lisuiiLly in a head to tail fashion, to produce very 
l-u.rge molecules, and the production of iubricatirig oils 
and in the formation of substances for use in plastics ihi.^ i.; 
(vf groat economic importance. 
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Group Psycfiotherapy 

STEPHEN LESTRANGE 

During the last generation the treatment of the mentaOv 
sick has made great advances. No longer does the onset of 
serious mental illness mean the incarceration and the cus- 
todial care of the patient pending a possible spontaneous 
recovery. Instead, there is an almost universal counsel of 
hope and active therapeutic measures are available. The 
dramatic empirical success of the new physical treatments 

- electrical treatment, Insulin therapy and ‘Mind Surgery’ 

- must not be allowed to obscure the more solid advances 
which have been made in the understanding and treatment 
of the milder forms of mental illness. Mental illness - 
‘ Insanity’ - still has a great deal of stigma attached to it, but 
with the increase in knowledge of the function and structure 
of the normal mind, and the realisation that even the most 
polished intellect is flecked with emotional bias and minia- 
ture pathological reactions, people are more willing to go to 
their doctor with what they used euphemistically to call their 
moods, turns and eccentricities. Doctors in their turn 
realise more often that nervous symptoms can and should be 
treated. 

Knowledge of the how and why of mental disorder first 
began to take scientific shape with the work of Freud at 
the end of the last century. Even now, fifty years later, so 
subjective is the nature of the material that argument still 
rages round many of the early findings, and the body of 
knowledge which is widely accepted or open to direct proof 
remains extremely small. Freud recognised that neurosis was 
largely, if not entirely, a price that was paid for civilisation 
and the many advantages gained from a complex social 
organisation- Most of his investigations led him to the study 
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of mental development in the very circumscribed iife of tn-:; 
infant and its confiicts with a hostile or' indilTcrc'-t er-virt.'n- 
mci'it. The infant is intensely individiialisiic; he lias no 
knowledge of, ncr does he care about, the needs of otiicrs. 
At his first breath he is a pulsating but powerless bundle of 
life incapable of fending for himself or even of cxpressliig 
his needs save by indiscriminate signs of distress. Fortu- 
nately liis wishes are satisfied almost before they arise. :■ 
Surely, then, here is a being completely dcpeiiderit on 
others; he is unaware of this, however, and feels no obliga- 
tions in return, it is the age of omnipotence. 

The Freudians unfortunately interpret the consciousness 
of the newborn in terms applicable to our adult iiiinds but 
which can bear little direct relationship to what the infant 
may be thinkiiig - even if his mental processes bear any 
resemblance to those of adults. Whatever the conscious 
concomitants, however, it remains true that as the infant 
develops he has to give more and receive less : the world no 
longer revolves around his whims and there are other human 
beings whose needs and desires involve the post.pone.menr 
or loss of his own satisfactions. Meals must await the arrival 
of others and a Idnd word, if he is lucky, replaces a pro- 
longed caress. Fears, beliefs,, modes of reaction, which are 
developed at this early stage lie deep in the formation of 
his character and are hard to change. They will liOvvever. 
influence him throiighoiit his life. These patterns of be- 
haviour are forgotten - ‘repressed’ - and they are synojiy- 
mous with the unconscious forces of the Freudians. 

As the child grows up there are continually problems 'Uf 
social adju-stment facing him at a conscious level: Pbr;- 
mates - School - Parties - College - Work - Leiiving !-lcmc 
-- Marriage - the.se are all milestones in the dcvelop.riicnL 
of his ability to handle interpersonal relationships; through- 
out life there is a continual adjustment to society. Li\ing 
in a civilised community is not all electricity and drainage, 
and the price to be paid is not merely the rates. Ci-vilisaiion 
involves the continual suppression of antisocial trend.s, tb-: 
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inilibilioa and redirection (sublimation) of many priraitive 
■ driveSj especially those of aggression and sex. Tiisre iiiisst be 
a coiitinuai modification of the individiiars wishes o;Ki 
beiiavioar' in order that he- may avoid conflict with liis 
fellows : a kind of thermostatic control, with the regulator 
set. at a coiivciitioiia! level of permitted self-seeking. Tliis 
cofitrol meclianism may break down in several ways. Tlie 
inelividuai may refuse, for instance, to accept the sacriliess 
imposed by the community and become a criminal or a 
revoiutioiiary. More ofteiwopen comlict is imsought, and 
arises eitiier because of a constitutional weakness of the 
ijcrsonality or becaiise the problem to be solved becorfie.s 
too great. This failure to control the situation leads either 
to mental iFriiess, or the stress may cause apparently physical 
disease such as peptic ulcer or colitis. In the causation of 
mental illness external strain generally ialeracls with a poor 
personality structure. The balance between these two 
factors is well illustrated by the experience of war-linie. 
Here the externai stress is increased and rna.y becurne so 
great that' the raost ■ stable personalities wili react with 
marked neurotic symptoms. 

Illness begets its own treatment. Psychotherapy is the 
combined attempt of the patient and 'his physician to 
■uiiravei the causes of the conflict and attain an understand™ 
iiig of the uiideriylag basisof the symptoms, llclicf tliroisgli 
psychotherapy can be obtained by three main methods. 

Removing Ihe cause: many of the acliological I'acixu’s lie 
ill cliildhood or even further back - in the ialrcriicd nnike.-up 
of the siaih-.i! - and it is of course impossible to rcinoi'c 
these. The binden of real and present troubles is, h-mvever, 
ofiCii n large one, for the iieurolic leads to accuawkJc 
failure, x'^idjusiment. of the environment is ll'ieri'.rore au 
importaat pari of the treatment of the putierd iitnl i? is the 
plaint of the social worker not that there m so lialc Its fur. 
bid that it is so difficult. A patient v/bo suflcrs i'umi 
sir'dphobki irmy find the long journey to work tn a c' 

-tthin a tenibh ordeal His impHlses to iorir» fi-an ih-. 


IU4 bUlJKNCM NliWS VIU 

compartment may become so strong that he no longer dares 
to make the journey and he stops ofi' work. Financial 
worries now add to his misery. The treatment of claustro- 
phobia may unfortunately be long drawn out and the social 
vrorker must step in to fill this gap. She is not content with 
lieiping the patient to obtain financial aid from the appro- 
priate authority or charitable institution. Bread and butter 
may be essential for the patient’s existence, but self-respect 
is just a.s fundamental to mental health and the soda! 
worker should find the patient similar work near his home. 
Alternative!}', she can help him to obtain accommodation 
within walking distance of his original job. 

Altering the patient : Many conflicts are due to reactions 
more relevant to the child than the adult ; or they may be 
due to false beliefs which the patient has acquired early in 
life and which colour his picture of reality. To take a simple 
example : boys are often brought up to believe that women 
are different - angels in thought, noble and unsullied by 
the unpleasantness of life’s struggle. This is known to 
psychiatrists as the error of the pedestal. Alternatively, the 
contrary delusion is equally common -- that women are 
scheming, false and a certain ruin to the man who meddles 
with them. This is known, perhaps a little more cynically, 
as the error of reality. Both these errors are typical of the 
misconceptions a patient may have about reality. They are 
a type of fallacy inherent in human thought -• generalisa- 
tions from the particular and exaggeration of the importance 
of w'hat we happen to have experienced ourselves. These 
fallacies do not easily suffer spontaneous correction, and for 
two main reasons. First, they are often beliefs stamped early 
into the mind of a child by a parent. To the child, the words 
of a parent or parent-surrogate have all the authority of the 
ex cathedra statement of a being who is at one and the 
same time the most feared and the best-loved person, in the 
wmrld, and whose omniscience has not yet been questioned. 
To deny these beliefs is to deny the parent himself, and 
however emancipated we may feel this arouses .immense 
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unconscious resistance. Secondly, these fallacies are almost 
always hair-truths, and there is consequently a lot of evidence 
io bolster them up : women are good and they are evil. 

One further example of a type of misconception of major 
importance is that children are almost always taught abso- 
lute standards of right and wrong. Their criteria of ethierd 
behaviour are often excellent, but the ideals are unfortu- 
nately painted in strong blacks and whites and much un- 
necessary conflict is engendered by this distoriion. The man 
who believes that v.'oraen are pure is unable to reconcile 
this wdth the reality of a human help-meet v/ho, for his sake, 
cheats the milkman and jeopardises the rationing scheme. 
If, on the other hand, he regards women as the embodiment 
of evil, desire continually wars with fear. If we believe that 
virtue is absolute, it is disheartening to find ourselves always 
among the goats. Man has a need of virtue anci a sense of 
right-doing, and if he is to keep going happily he must feel 
that some of his arrows are falling near their target, or at 
least travelling in the right direction. 

This, succinctly, is our second point: the patient is 
struggling to fit comfortably into a niche in the external 
world. If his picture of reality is blurred and false he will 
find this more difficult - perhaps impossible. Here the 
psychiatrist can help him. Any intelligent onlooker can 
point out the foolishness of these misconceptions (they are 
not called delusions because so many normal people sub- 
scribe to them), but the neurotic is shy of rational argument 
and the only effective approach is by demonstrating to the 
patient lio\v these ideas originally arose and how they 
gained the power they undoubtedly possess. Better still is 
the analytical method of leading the patient back over his 
life and letting him discover these early influences for him- 
self. . 

I mentioned three main methods of treatment. We have 
already created a dichotomy - our patient and his environ- 
ment. Our third approach therefore must embody the other 
tw^o. We call it adjustment; fitting the patient into the real 
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world. Haviiis made our assault on ihc eiivironmcrd 
iliofjpy) and having altered our patient (ind'Viou.d \ ■ ) 
we do not, unfortunately, find an easy hi. Bluntly, he nn;;t 
lump it, and v/e must help him. This is siipporlivc ti’.en-.hy. 
V‘/e can help him to develop his assets, seize liis opporlem-Jes 
and iearn acceptable methods of gaining self-cstecrti and 
satisiuction. Like a patient with heart disease, he has to bo 
taught to live within Jiis limitations. Briefly: no moon ar<u 
no tears. Critics of psycho-analytical technique say that 
what is not nonsense is common sense. Of course this is 
true and one is tempted to reply with the adage that coiTinien 
sense is an uncommon virtue. Sense, that is to say, rationaf 
thought, is a treasure that is available now and again to 
everyone, but never continually to even the most critical. 
Most problems in living - those between persons as ‘well as 
those between nations - have a sensible solution, but it is a 
matter of common sorrow that this is so rarely applied. 
No psychiatrist is liiniself perfect, but he is a specialist in 
interpersonal relations. In a world where perfection is only 
a rumour the lame can sonieiimes teach the paralysed to 
limp. . ■ 

One of the limitations of psychiatry has always been the 
amount of time which the therapist should devote to each 
patient. Orthodox p.sychiatrists may devote several hours 
to the investigation of one case, and treatment may 
many more. An analysis may require two or throe hours a 
week for a year or longer. A second limitation is that dv.' 
patient’s problems are often ones of social adaptation, iil; 
sees his doctor in private,' how-cver, takes his advice tc. 
heart asid goes away to try and put it itito praclicc. i-htw 
much betier it would be if his doctor could sec hiu in ids 
trouble and try to help him adapt on the spot. Bot!i tluV'e 
limitations are removed to some extent by group psycho- 
therapy. Tiiis implies that a group of patients is treateu 
together rather than individually, it is not liowaver meaiy 
several individuals receiving treatment at the same iiiuc. 
For the patient the group is an entirely dilferent siti-atioa 
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Irom an Individual treatment ssssion. His men iai orienta- 
tion is altered b> the need to consider die other patients, 
and he forms eniotional ties with them as well, as with rrm 
liierapist. This group situation brings to the iorefront sociai 
urges which many psychologists would aitribute to a 
primary instinct - the. herd instinct; it is in fact an altenipE 
10 reconstruct the social pattern in miniature. 

Originally, gioup treatment was used to expedite the 
in'ier-cars of patients with physical complaints. The ilrst 
recorded use of group therapy was the experiment of DrJ. 
Prait ill Boston, in 1905 Dr Pratt arranged a series of 
meetings for a group of tubercular patients and gave them 
formal instruction in hygiene and careful living. The original 
impetus for tlie experiment was a desire to save time, but 
Pratt soon noticed that the patients enjoyed meeting to- 
gether and gave each other inutuai encouragement. He was 
not slov/ to develop his discovery and soon started groups 
for the treatment of other chronic diseases, such as raised 
blood pressure and diabetes. So successful were his res'uhs 
that his methods were quickly adopted by workers in other 
parts of America. In the field of mental illness the benefit 
of group activities had been noticed earlier, in 1904 Or 
Camus and Dr Pogniez working In the Salpetriere (Paris) 
published a report on their experience with the prolonged 
rest treatment devised by Dr Weir Mitchell. They noted in 
passing tlmt the patients in the large public wards were 
considcrabiy more cheerful than the patients treated in 
private rooms. These workers however did not apprccia'.e 
the importance of this observation, and the credit for die 
iirit conscious use of group psychotherapy must go elve- 
where. By 1909 Dr Marsh was experimeiiting in America 
vvhh the group treatment of the psychoneitrosc’s. In 
in 1911 Dr Moreno began his famous cxperinienis ^vith 
problem children. He treated these patients, too yuiina -’V.sr 
foniial analysis, by methods analogous to play dicrapy. 
He encouraged the children to act out theii- funtasi-is in 
miniature plays, and thus laid the foundations of i-yciio- 


108 SCIENCE NEWS VIII 

drama. These methods soon caught on and it became clear 
that patients who received group therapy showed greater- 
improvement than those treated individually. They were 
getting something extra. What is the cause of this exira 
benefit ? 

Psychotherapy has two main weapons - a direct appeal 
to the intdicct and an indirect approach through the 
emotions. The emotional situation which arises between 
doctor and patient is far older than the study of psychologi- 
cal medicine and has in fact always played a part in medical 
treatment. In psychotherapy this emotional bond assumes a 
very important role and has been dignified by the special 
name of ‘transference’. The formation and subsequent 
control of a ‘positive’ (helpful) transference between the 
therapist and his patient is one of the most difficult aspects 
of psychotherapy. A positive transference is easily acquired 
to start with, but as treatment progresses and the patient is 
faced vfith unwelcome home truths and the loss of some of 
the protection he obtained from his illness he evinces 
marked hostility. This is the stage of ‘negative’ transference 
and unless it is handled carefully he may break off treat- 
ment. Even a favourable emotional situation can sometimes 
interrupt treatment as effectively as it can aid it. A crucial 
point in psychotherapy is the careful dispersal of the 
therapeutic transference when the treatment is drawing to 
a close. Mistakes here will lead either to a pathological 
dependence on the analyst or to a sudden loss of ail the 
ground so exhaustingly gained. It is in its different approach 
to the transference situation that group psychotherapy 
makes an important advance. 

The basis of the emotional life is very imperfectly under- 
stood, but it is clear that normal people have a great need 
to love and be loved. Part of this emotional pool is qsed up 
on individuals - parents, siblings, spouse, friend, lover - 
some of it is directed towards groups of people - the village, 
the office, home and country ; or even towards symbols or 
abstract conceptions such as the flag or democracy. It 
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seems obvious, and practice appears to bear this out, that 
group treatment ojffers a nibre natural environment for the 
adjusliTient of some emotional disturbances than does the 
intense focal point of individual analysis. Group therapy 
also enables the patient to form more diffuse and less 
intense emotional ties while under treatment, and he is 
spared the necessity of switching them on 'and off suddenly. 
Friendships formed in the group may be continued into 
everyday life. Group therapy is not a comprehensive panacea 
and should be part of a wider therapeutic plan. First the 
patient should be given a lengthy diagnostic interview at 
which a comprehensive history of his illness and the back- 
ground of his life is recorded. This should be followed by 
a thorough physical examination to exclude or evaluate any 
organic disease If any doubt remains, special pathological 
tests will almost always settle the point. Only when the 
patient has been thus diagnostically a.ssessed is it possible 
to lay down a rational plan for treatment. Group therapy 
may be the main treatment suitable for a particular patient, 
but even so it must be supplemented by individual therapy. 
Such individual treatment should if possible be given by 
the doctor who runs the group. On the other hand, group 
therapy may be an adjuvant to the physical methods of 
treathient. 

, The conditions which benefit most from group psycho- 
therapy are the psychoneuroses -- particularly anxiety states 
and reactive depressions and the psychosomatic illnesses 
such as peptic ulcer, high blood pressure and asthma. In 
these latter conditions worry and tension aggravate the 
organic lesion if ’they do not actually cause the physical 
changes. As every member of the group will influence the 
progress of the others, the selection of patients suitable for 
a group requires considerable clinical acumen. The inclusion 
of one unsuitable patient may completely disrupt the group 
and block further progress. On the one hand, the acutely 
disturbed or deeply depressed patient will distract and upset 
tho.se less ill. On the other, the supercilious, argumenlalive 
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iiitc-ilecf-iial will spread a highly contagious atmocphere of 
iioa-cooperatioii. It is not essential that ail the patients 
start at the same, time, and in practice it is foiuid helpful 
if a new patient joins a pre-existing group : old mciTibers 
make liim welcome and explain the mysteries to him. Those 
Vv’ho have never, had- any psychotherapy before resent llie 
idea that their troubles are primarily mental and, are inclined 
to doiibt the efficacy of mere talk. The personal story of 
recovery from symptom.s very similar to the new patient’s 
:ow.n, told by one of the old members, carries more con- 
viction than all the blandishments of the most cnlhasiaslic 
psychotherapist. The latter also appreciates the piecerncal 
arrival of his clieniyc because it gives him an excuse to 
reiterate lus fundamental concepts. 

The number of patients admitted to a group depends 
on the type of treatment. The ‘deeper’ the therapy (i.e,, the 
more analytical) the smaller the number which can be 
satisfactorily treated. Two or three patients treated together 
will automatically form a group, while eight to twelve is 
probably the ideal number. With more than twenty nicrnbers 
the session is likely to degenerate into a lecture and while 
this didactic form of treatment can still be very helpful, it 
lacks the plasticity of a small integrated group. At the first 
session, then, the therapist will find himself surrounded by 
headaches, backaches, giddiness, weak legs, indigestion, 
palpitations, depression, trenior.s, paralyses, pains tveibre the 
eyes, pains behind the ears, pains all over and just plain 
nerves. With examples and explanations in simple terms the 
therapist shows how symptoms like these can be caused by 
mental conllict and worry. He draws everyday analogies 
to illustrate thc.se mechanisms at work. Fear, he rcmitids 
tlte- group, can cause sweating, trembling, nausea and 
diarrhosii - physical symptoms; a sudden shock - even the. 
mere sigiit of blood -- may cause loss oi‘ ccnscioujness; 
tension and awkward postures cause muscular discomfn-r- 
and pafn. He emphasises that rigorous medical exarninadari 
has excluded any physical cause for their sjvnplc-n:,'; a.rrl 
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leaver, thera to draw their own conclucions. The ilicrapi;!; 
proceeds to give a short series of lectures on simple psycho* 
logical incchanisras. He will explain how we repress uro 
:’'‘eesant ideas and how the emotions attacliul to Ihc-ni oiay 
still influence our thoughts and actions. When the patieiils 
have hccome used to each other and have acquired so/r.c 
kitowledge of psychological mecimnisius they are reqalvec 
to write their own life stories in the light of this neo 
knowledge. Selected passages are then read out - anoii}- 
raously ~ and everybody is invited to coinrnc.H or tiiaik 
It is illumiiiatiiig, but not altogether surprising, that patients 
v/iii often, recognise more easily in others than in themselves 
the psychological causes of symptoms. Making this step, of 
course, helps considerably towards the attainmeiii of insight ■, 
into their own troubles. Throughout group treatment the 
patient is seen individually at frequent intervals when the 
more personal points and intricacies of his own illness are 
discussed. 

. Ta many clinics this fundamental educative side of the i 
treatment plays a minor role and most of the benefit is , 
derived from the emotional re-adjustment obtained. Many 
patients have never really attenspted to integrate tlieir iives 
vvhh ilscir neighbours: social conventions have dammed ' 
back the primitive expression of their drives and they have 
never acquired the ability to enjoy the compensating outlets ; 
that civilisation oiTers, Other patients have become so pre- ' 
occupied with their symptoms that they have withdrawn . , 
from social activities. The psychotherapist therefore at- i 
tempts to eslablisli a communal organisation ; he ence urages 
the patients to taicc up hobbies and to develop any interests 
they have in common. He lays emphasis on the duties of ^ 
tiiC individual to the comraunity, encourages co-operation 
a.nd friendship between patients, and by pointing oat liow 
everyone can contribute in some way to the gt-nercl goods 
up their self-respect. He teaches tlic-ni muscular 
rcianitior!, which besides having a beneiicial piiysioiogicai . 
eiicet re.ndcr.s them more’ suggestible and paves the way lor J 
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the acceptance of encouragement and reassurance. Maii^i 
therapists, especially in America, conclude each treatment 
\^'ith exhortative passages from the poets and minor philo- 
sophers. The more inspirational a therapist’s technique the 
more closely does a group session resemble a revive fist 
meeting. Indeed, such movements as the Oxford Group use 
similar methods. ‘Alcoholics Anonymous,’ a group formed 
by alcoholics for the treatment of alcoholics, emphasises 
that a fundamental step towards the success of their treat- 
ment of the chronic drunk is a change of foce equivalent 
to a spiritual conversion. The mass cures, which in the past 
accompanied outbreaks of religious fervour, were spon- 
taneous examples of the mechanisms underlying group 
psychotherapy. Special methods such as psycjiodrama are 
extensions of the same principles. The patients themselves 
act out their conflicts and seek , solutions in imaginary 
situations. 

In assessing the results of group psychotherapy it must be 
remembered that it is the chronic neurotics who respond 
best and these patients are notoriously unresponsive to 
other methods of treatment, usually continuing in a state 
of interminable disability. The modest achievements which 
can truthfully be attributed to group treatment are therefore 
a decided therapeutic advance. In one follow-up question- 
naire 90 per cent of patients replying said that they had 
improved, and most of these to a considerable extent. When 
allowance was made for those who did not reply, and for 
tliosc who had defaulted from treatment, the proportion 
showing improvement fell to |ust under 50 per cent. Group 
therapy takes deliberate advantages of man’s gregarious 
nature, and is thus planted on a firm theoretical basis. 
Further, it has stood the test of time. It can therefore sai'ciy 
be added to the armamentarium of the psychiatrist, but it 
must be remembered that group therapy is not a specific 
and when further light has been thrown on the letiology iind 
pathology of the neuroses it may well give way to a more 
direct method of attack. 


Research Report 

A. W. HASLETT 
M’ltscle measurements. , 

For sheer delicacy of ineasurement and hnesse of experi- 
ment it would be difficult to beat some recent observations 
by Proi. A. V. Hill of University College, London, on tlss 
heat changes which take place during a single twitch of a 
muscle. The rise in temperature which accompanies such a 
twitch is only about 0-0025 degrees Centigrade. This in 
itself would present no particular difficulty, for although it 
represents a small enough temperature change by ordinary 
standards, very much smaller dilTereiices in temperature 
can be measured. The real difficulty was that, in order to 
follow a single muscular twitch through all its stages, and 
particularly to record accurately its beginning, Prof. Hill 
needed to measure both the contraction of the muscle and 
its temperature at such speed that the state of affairs at 
intervals of time only two thousandths of a second apart 
could be distinguished. It was the combination of these two 
requirements of speed and sensitivity which made the 
measurement problem difficult. 

The first stage was to translate the temperature changes 
to be measurcti into changes of electric potential. This was 
oonc by a small electric thermometer or lliennopile aboui 
jis ihick as a red blood cell is long. Its maximum oidput, 
under the cop.ditions of the experiment, was uboul four 
millionths ot a volt. This in turn was translated into a srniiil 
rnovcmciu oi a mirror attached to a fine wire coil sus- 
pended between the two poles of a magnet, in outline this 
is a standard arrangement. The idea is that a beam of light 
is directed on to tlic mirror, and the deflection of the light 
beam W'heii llio mirror moves is observed oh a distant- tca’c. 
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Tlie details of tlie magnification system which Prof. Hill 
employed cannot be given. But the eifect in tlie final display 
v/as as if the light beam from the mirror had been observed 
fro '71 a distance of some 285 yards down the road. And the 
main pciiit was that to stand such enormous magnification 
and at the srane time give tlic required high speed of res- 
ponse > and steadiness of movement, the mirror system Iiud 
to be oiraoil perfectly balanced and provided also with a 
foKH of ntooiidng which was almost completely imran.ne 
to outi'iclo vibration. The key part of the instrument was 
canstriictcd in Prof. Hill’s laboratory by Mr A. C, Dov/iiiiig, 

: The measurements, about which ah this trouble v/ere : 
taken,' were made on the leg muscle of a frog at a tempera- 
ture of zero Centigrade. Under these conditions, the con- : 
traction period of a single tv/itch was spread out over about 
0-4 seconds, and -the following period of relaxation lasted- 
about 0*6 seconds. And to recover to its original state, the 
-muscle required some '45 minutes, - ^ 

■ vNo-'iievv or sensatio-nal theory of muscular action has^ 
been put forward on the strcngch of these measurements. 
'Merely, a few concrete facts have been brou-ght together--: 
which any futime theory will h.ave to explain. One is that, 
althougli tfis tniiscle takes from 7 to 10 thoiJsa.ndths of a 
second lo “get going’, it is impossible to separate in time 
the beginning of the release of heat and the beginning of 

■ the - physical movement of contraction in the muscle. The ' 
two: effects are simultaneous within -the -two-tlioiisandths of- 
a second accuracy of the experiment. Second, the release of 
heat appears to take place straight away at its maximimi 
rate. The effect is as if the muscle w'as already ‘set up’, ready 
for action, and needed only to be released or ‘(rigg:;rccr by 
a nerve stimulus. Third, there is the peculiar fact Ih;;!: ia t- 
single muscular twitch, the initial release of heat. .in von- 
traction is independent of the amount of piiysical work done 
by the muscle. Tt would be a very odd kind of cartridge,’ 
as Prof. Hill has said, ‘in which the energy released in tlic 
explosion had no apparent connection vrith tiio mir/ric 
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velocity of tbs bullet,’ And finally, there is no sign of the 
ubsorpiioc of Jicat, as opposed to its release, at any stag-' 
of ilic complete cycle of contraction, reiaxatioji and re- 
covery. Megatively, this sesras to disprove fairly decisivcb, 
one theory of muscular action which has been much, cii,-;- 
ciisred. But neither is there any other complete or con- 
sistent theory which can be put forward. Prof. Hill, wli.' 
sfiouli! know, tiiinks that the time is liot yet rips. 

tiiil. Pf ace^>i'ii 2 !fs of the Royal Society (in the pro.;s). 

Coral island. 

One of tile advantages of researcli conducted .for the Oa?ti-d 
Slates services is a certain lavishness of diott. with a 
tendency to follow up sidelines which are of more interest 
for their ovm''sake than for their ostensible purpose. An 
example was the explosion of the Bikini atom bomb which, 
among other activities, led to the deepest boring yet under- 
taken on any coral island. A report wiilch has lately been 
issued shows that this was carried to a depth of 2,556 feet, 
and it is seriously suggested that an 8-iO,OOD feet borisig 
should no\y be made. Also, a large number . of deeper 
soundings were made by the metliod of setting off explosive . 
charges near the surface and observing the times at which 
earth waves were recorded at different points on the atoll. 

By tills second metliod it was cstablisiied that the depth to 
basornent rock was about 8,000 feat in the centre of tlie 
liigGon, but there were vanations of many thousands of feet, 
in tlic corresponding figures for dhfcreiit parts of the 
complete atoll. 

The interest of what wag done at Bikini, and still more of 
t'lf; proposed deeper boring, is in relation to theories of the 
growl h of coral islands. The picture which is stiii, in the 
rnaiis, gsnerally accepted is that which was first put forward 
I'V Charles Darwdn on the strength of observations which 
he made during the same voyage of the Beogle which led 
him to liis more famous theory of evolutiofi. This was the 
lirs!. attempt to cover in a single theory the three ciiicf forms 
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ef coral growth. These are the fringing reef, the barrier 
reef, and the atoll or coral island. By the first of these is 
meant the type of reef which grows directly out from the 
coast and at low tide can be seen to be connected vfitli it. 
The barrier reef, on the other hand, looks to be a separate 
structure fron] the continent or island which it separates 
from the ocean beyond. The Great Barrier Reef of north- 
eastern Australia stretches for about a thousand miles, 
acting as a more or less continuous breakwater separating 
Queensland from the Coral Sea. On the other Iiani in the 
typical barrier reef island, the barrier reef is an irregular 
circle, v/ith the island in the middle, and usually a break in 
the reef on the leeward side, and safe anchorage in the 
lagoon between reef and island. Finally, in the atoll or 
coral island (in the literal sense) there is no central island, 
but only a broadening of the coral reef on which^ vegetation 
has become established. 

Darwin’s suggestion was that, in the typical case, these 
three types of formation could be regarded as stages in a 
single process. FIc supposed that the original island was 
volcanic, as many Pacific islands obviously are. In the first 
stage, he thought, a fringing growth of coral would become 
established round the edge of the island - although, in fact, 
there are no known examples.. Then, in the second stage, 
thejsland would begin to subside, and the reef would grow 
upwards to keep pace with the subsidence, but would now 
be reared above a part of the island which was subinerged, 
giving the effect of a barrier reef. Finally, in the third stage, 
the original island would have subsided so far as to have 
totally disappeared, and only the barrier reef to whicli it 
had given rise would be still visible above the surface. 

The theory is attractive in its simplicity, but fails com- 
pletely to explain one further fact - that the depth of nearly 
all atoll lagoons lies between about 120 and 240 feet, with 
a relatively fiat sea bed at that level. There is no obvious 
reason why every subsiding volcano should consiEitcntly stop 
subsiding when its summit is at the same depth below the 
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surface. Nor can the theory^ by itself, account for the very 
large amount of debris needed to level off the gap between 
the sloping sides of the former volcano and the barrier reef. 
It was therefore pointed out by the American geologist 
H. A. Daly that during the period when the continents of 
Europe and North America were covered in ice sheets, the 
level of the oceans would have been lowered by some 300 
feet. During this period, any pre-existing coral would iiave 
becEi unable to survive, and he thought that the effect of 
waves and storms would have been to wear away the top 
of the island to a roughly level platform. Then, about 
25,000 years ago, when the level of the oceans would have 
begun to rise again, from the melting ice of the continental 
sheets, coral would have become established round the edge 
of these eroded platforms, and the final result would be a 
barrier reef, with a central lagoon of roughly the required 
depth. It is against the background of these two theories, 
which many geologists believe can be usefully combined, 
with the possibility of more violent movements at inter- 
mediate stages, that the results of test borings through deep 
coral structures are most naturally considered. ' 

' Fifty years ago, the first such boring was undertaken by 
the Royal Society on Funafuti atoll 500 miles north of Fiji, 
and since then there have been further borings on the Great 
Barrier Reef of Australia, in the East Indies and in the 
island chain south of Japan. But by a substantial margin 
there has been none so deep as that lately carried oat on 
Bikini atoll, nor was there the same information about the 
depth of the basement rock. Only the preliminary results 
of the Bikini boring are yet available. These bring out two 
main points. The first is that the layers of the atoll founda- 
tion which are now 300-575 feet below sea level appear to 
have been at one time exposed above sea level. This suggests 
that, as well as the two main processes, there must at one 
stage have been a quite considerable upheaval. The second 
is that the layers from 1,790 feet down to the lower limit of 
2,556 feet are lower miocene and must have been formed 
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therefore between 20 and 30 million years ago. Tliis woishl 
imply an average rate of gi'owth not more lliaa uoe- 
tiiOiisandth of the maximum rate of a foot in ten yer.rs 
vvhieh is possible for coral structures, fo other -.yords ie-cre 
would be an ample margin for intcrruptiosis and revorsais 
of movement. Consequently, if money, lime and equip- 
ment, can be mads available it would be a project of re.ii 
interest to explore a single deep structure down to and imo 
the basement rock beneath. The suggestion is that the 
boring should be in the centre of the lagoon, so as to gir'c 
the earliest chance of reaching the basement rock; and ihai, 
in coiijunclion with a sunken landing barge, the existence 
of a number of flat-topped platforms reaching wilsiin 
twelve feet of mean sea level, would make such a central 
boring possible. 

Ladd, Tracey and Lill, Science, 1948, 107, 51. 

Radar and colonial survey. 

Methods of mapping from the air, v/ith radar control to 
flx position, which were developed during the war for use 
in the Far East, are now being applied on a large serde in 
Africa by the Colonial Survey Organisation. Since April of 
last year upwards of 150,000 square miles have been photo- 
graphed in this way. This includes the whole of Swaziland, 
and parts of Bechuaiialand, Tanganyika and the develop- 
ment areas of Uganda, as well as some further v/or'k in 
Kenya. Priority has been given to those areas schedrsled 
for ground-nut planting, and the whole progratnniC hux 
been tackled with a speed and urgency which would h.ave 
been impossible with conventional methods of sirw/eyiag. 
There is also the advantage that, pending tiie translatiou cf 
air photograpiis into maps, the photographs themselves a.re 
immediately available for any purpose for which large 
numbers of copies are not required. These are on a scale oi' 
-I in 30,000 - or not quite two inches to tlic mile. Mappir.g 
from the air photographs is limited at present ro a rate oi' 
80,000 square miles a year,. so that the bottleneck is on the 
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mapping side rather than' in the taking of ir,-2 photograplis 
un which the maps are based. . 

The system of radar control is based on Tsitasirrsimnls 
of the range of the aircraft from radar oeacons iaiiLiicd in 
convenient positions on the gToiind. The main n’mismin.er, 
w'iUi a system of this kind, is in the aircmfi, a 'id ihe bcacor ; 
on the ground can be thought of as so Biau}' reflectors irom 
which radar echoes are returned to the aircraft. This is tlie 
reverse of the original air-wariimg use of radar, when the 
transmit Icr was on the ground, and. the echoes which were 
Tneasured came from the aircraft. The only diffcircnce other- 
wise is that instead of relying on simple rclkction, the radar 
beacons are provided with auxiliary trarismilicrs vvidcli are 
triggered or 'seL off’ by the aircraft traasmissiccs, thus 
giving' stronger reply signals. The rneascrs,inect wln'ch k 
obtained is that of the range of the aircraft from the beacon, 
and it is usual in survey work to fly- on a series of circular 
courses about one of the beacons, in this way, if photo- ■ 
graphs are taken at regular intervals of time, and siiccessh'c 
courses are accurately spaced, it is possible to males certain 
tiiat there are neitlicr gaps nor overlapping. With tiio 
addition of a second beacon, or ground rhadon, the position 
of tiie aircraft is feed. The ranges of the aircraft from both 
arc 'directly displayed, and arrangeijaenls are mads for a 
photograph to be taken of the iiistruirient panel showing 
these two 'ranges, the height of the aircraft and the tilt of 
xhc aircraft at the same instant that each survey photograpii 
is taken. The earliest expeiimsnts with this metiiod were 
carried out in Anglesey, and later the Colonial Surv-ey 
Ory.'inisatinii carried out further trial surveys in 'VVr.-^t 
AlVicTi. The present surveys in central ana easi Africa are 
bfchcvcd, however, to be the first large-scale applicmlon to 
practiaii mapping. The limit of accuracy is sLitcJ to be 
about 75 yards. 

■ Prof. C, A. Hart of University College, London, who was 
lately appointed to the first university chair of surveying 
and photogrammetry, was directly concern'.;-::! with the 
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earlier wailimc dcvelopnient which led to the present appli- 
cation in Africa and is continuing research on the still more 
accurate development of radar control methods. An appre- 
ciably higher standard of accuracy is, in fact, already 
aituinable - but the equipment is neither so simple nor so 
mobile as that used by the Colonial Survey Organisation. 
Also as might be expected, the amount of work required in 
translating air photographs and radar control measure- 
ments into accurate maps increases considerably as the 
standard of accuracy is pushed up. There is therefore a 
substantial gap technically between the type of survey 
which is now being carried out in Africa, and the revision 
of home Ordnance Survey plans, on which there" are heavy 
arrears waiting to be caught up. At the largest scale u.sed 
by the Ordnance Survey, an error of 75 yards would repre- 
sent a distance of about two-thirds of an inch on the final 
plan. There seems little doubt that Ordnance Survey stan- 
dards could be reproduced by a combination of radar 
control and air photography. But although this may be 
possible technically, it would clearly be unwise to assume 
that, because the radar method is rapidly proving itself in 
Africa, the ground surveyor and his traditional ‘chain’ 
have been rendered universally obsolete. 

Radio and the sun. 

Radio methods of observation look like giving new in- 
formation about sunspots. It has been knovm for some 
time that abnormal bursts of radio radiation appear to 
come from the direction of the sun at times when the sun’s 
disc is unusually disturbed - that is, when there arc many 
Of large visible spots - and it has been calculated by Sir 
Edward 'Appleton that, under these conditions, the siui is 
the most powerful radio transmitter of which we have 
knowledge. It was left, however, for M. Ryle and D. D, 
Vonberg at the Cavendish Laboratory at Cambridge to 
make the first measurements of direction sufficiently 
accurately to enable an estimate to be made of the width of 
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the active area on the sun’s surface. They found that, 
at the most, the v/idth of this area could not be more than 
about ten minutes of arc, or some 300,000 miles on the 
sun’s surface. Any error in their measurements would have 
made this an over- rather than an under-estimate ~ and as 
a spot measuring not quite 150,000 miles across was visible 
at the time, it seemed a reasonable guess that the visible 
sunspot and the observed ‘radio spot’ covered roughly the 
same area. Since then, the sun has been kept under coji- 
tinuous radio observation, in quiet times as weil as dis- 
turbed, over a period of some ten months. Records have 
been made on two different frequencies, SO and 175 mega- 
cycles respectively, corresponding to wavelengths of 3.75 
and 1.6 metres. And it has been found that one useful 
indication of conditions on the sun is the proportion of 
energy which is put into these two frequencies. Under 
disturbed conditions, the amount of power radiated on the 
higher frequency is several times greater in proportion. 
Finally, taking this change in energy distribution as the 
criterion, it was noticed that there w'as a tendency for these 
abnonnai periods to recur at 27 days intervals, corre- 
sponding with the sun’s known period of rotation. This, i 
in itself, is not particularly surprising. Sunspots themselves 
are liable to recur at similar intervals and for the same 
reason, although it is unusual for even a large sunspot to 
make more than one or possibly two repeat appearances. 

What is interesting, and rather surprising, about these 
Cambridge measurements is that, during the w'hole of this ■ 
ten months’ period, there seem to have been only three ; 
main areas of activity on the sun. One of these has survived 
for as many as 11 rotations, another for 7 rotations and ; 

the third for 5. It is early to draw definite conclusions, and ; 

Mr Ryie has himself pointed out that these results cannot 
yet be regarded as providing sufficient proof. But at their 
fiice value, they suggest that to the radio observer disturbed 
regions on the sun’s disc have a very much longer life than 
they present to the astronomer; and that visible sunspots 
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should be regarded as only one stage in a longer 'history of 
disturbance, of wliiclithe earlier or later stages cannot be seen. 

R;, ie. Ntimrb, 1946., 161, 136. 

Film of the sun - 

Considerable and well deserved attention has been attracted 
arflong astronomers to a film of the sun made by Prof. H, D. 
Mciizci at the Climax, Colorado, high altitude observatory 
of the Universities of Hars'ard and Colorado. A copy of 
the film has been presented to the Royal Astronomical 
Society and this has been shovzn lately in London. 'It \vas 
taken through a special type of filter and shows the be- 
haviour of prominences seen at the edge of the sun’s disc. 
The general effect can only be described as that of a 
fireworks display on an immense scale, originallng in a 
surface of almost continuous disturbance and movement, 
and with a variety of forms which any manufacturer of 
fireworks could only envy. These included narrow luminous 
jets, shooting rapidly outwards and looking (probably 
deceptively) to returii along the same line on which they 
had started out ; a great eruptive surge, developing into a 
luminous mushroom spreading outv/ards from the sun’s 
disc ; a cloud suspended, as if held in its place by electrical 
forces; and an inverted cone, in rniicii the same shape as 
an umbrella blowm inside out by the wind. It could be seen 
also that many luminous ‘shootsh for example betv/eeii one 
cloud and another, followed curved courses as would 
electrically charged particles if moving under the iivfiuence 
of strong electrical or magnetic forces; and, visually, m 
least, one got the impression that inward moving streamers 
vtcre being sucked into particular areas on the sun’s sarfaeo. 
Films of this kind, taken in broad daylight, of events at 
the outer edge of the sun which would norrnrilly only be 
visible during total eclipse, were first made by M. iicrnari 
Lyot, the French astronomer. Prof. Menzel’s set a siaiida rd 
which will take some beating - although., naturally, the 
ultimate value of such a film is not in the visual eilect which 



RESEARCH REPORT LIJ 

it produces on the spectator but rather in the n-iitss of 
i-.iformaiioiL which it provides for the roniiulation and 
ciiccking of theories of soiar activity. From that p^ict of 
view, the dcniinaiU impression must be that condiiioiis on 
the suPi are not so simple as the contributions of thcoreiicai 
astrophysicists would sometimes suggest. 

“ ami oj Penguins 

Another scientific fibn which was. shown lately in icuidon 
was made as part of the work of the Falkla.nd Isiuiids De- 
pendencies Survey. It includes a scries of motion studies of 
Adelle Penguins, which, in the hands of competent zoolo- 
gists, should be a useful supplement to the extensive obser- 
vation made earlier by Levick on the same species and 
recorded in his book Antarctic Penguins. Many shots are 
included of penguins jumping from sea on to land ice, with 
an angle of take-olf of about sixty degrees, with a slid?^ in 
toboggan position on the ice as tlis usual ending. Points 
which could be noted were the quickness of pick-up to an 
upright position, and the balance shown afterwards in 
glissading, still upright, down a steep snow bank. Except 
immediately after a jump, they would use their tobogganing 
nietliod for such a slope. But having jumped, slid and got 
up, they prefer to remain so. When ijis tobogganing method ' 
was used for straightforward travel on snow, with both feet 
and hipp^vs used for propulsion, it compared very favour- 
a.bly with the similar efforts of a Weddell seal, humping 
its buck like a cateipillar at each forward movement. So 
few zoologists have had the opportunity of studying the 
rnoveinc-nls of penguins at first hand that it would seeiu 
well worth while making a slow-niotio3i version of iiiis and 
any further film studies of the kind which may becoirie 
available. 

Blood and its evolution 

The red cells of the blood play so necessary a part ic rite 
convevance of oxvaen to all oreans of the hodv tH-u 
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would have expected the manner of evolution of the blood 
pigments to have received more attention from zoologists 
liian has so far been the case. Prof. H. Munro Fox, of 
Bedford College, London, is among the very fev/ wlio liave 
worked seriously on the problem., and he has lately obtained 
quite convincing evidence that the blood pigments should 
be regarded as biological accidents - that is, that having 
originally been used for some other function, the incidental 
advantage given by their oxygen-carrying capacity was tlicii 
‘seized upon’ by evolution and developed into one of the 
key attributes of all higher forms of life. The most obvious 
indication comes from the multiplicity of these pigments. 
Four different substances are known, which carry out this 
same job of oxygen transport. Three of them are compounds 
formed by the union of a protein with three comparatively 
simple iron-containing substances. The fourth, instead of 
iron, contains copper. A more precise indication comes 
from the water-flea Daphnia which, like a human being or 
mammals generally, may possess haemoglobin - but, at 
least in adult life appears to get along equally well with or 
without it. It has been shown in Prof. Munro Fox’s labora- 
tory that individual Daphnia can gain or lose haemoglobin 
within a few days; that they .swim as vigorously when 
apparently ‘anaemic’ from its absence as they do when 
red-blooded; and that water from ponds containing red- 
blooded Daphnia can induce the development of haemo- 
globin in initially pale individuals from other ponds. What- 
ever reason, therefore, may have led to the appearance in 
Daphnia of haemoglobin, it cannot now be used for oxygen 
transport. Prof. Munro Fox’s second piece of evidence was 
obtained during a visit to the Marine Biological Station at 
Naples, While working there he found, first, that there 
were families of marine worms of ' which some species 
contained haemoglobin, while others, closely related and 
living under similar conditions, contained a different blood 
pigment, chlorocruorin. Finally, he found a particular 
family, Serpiila, in the membess of which both pigments 
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were to be found in the same individual and at the same 
time. If both had been evolved in response to other and 
possibly diilerent needs, and then found useful as oxygen-” 
carriers, it would be an odd coincidence, but not in itself 
particularly unlikely, that both substances should be present 
in the same species. Haemoglobin could have originated 
through one process, and chlorocruorin through another, 
and both independently been pressed into service as carriers 
of oxygen. But if the need which was first filled had been that 
of oxygen transport it would be unlikely that two separate 
mechanisms would have become established, when either 
by itself was sufficient to do the job. 

Fox, Nature, 1947, 160, 431, S25. 

Meson particles. 

Twenty years ago, it was supposed that nature made use of 
only two kinds of fundamental particle as ‘building bricks’ 
for the construction of atoms, and so ultimately of the 
material universe. These were the negatively charged electron 
- the atom,' if you like, of electricity - and the positively 
charged proton, otherwise the nucleus of the hydrogen 
atom, wdth a mass some 1760 times as great. To these, in 
1932, Sir James Chadwick added the neutron, which was 
without electrical charge and of roughly the same mass as 
the proton. It W'as also discovered that positive electrons 
could exist as well as negative, and to match the positive 
electron it was thought possible that negative protons might 
also exist. But for almost a generation it v/as taken as 
axiomatic that no particles were likely to exist of masses 
intermediate between those of the electron and proton. 
There were electrons, the lightest particles known, and liiere 
were protons and neutrons - but nothing in between. 

Then, in 1935, on purely theoretical grounds, the Japanese 
physicist Yulcawa postulated the existence of an inter- 
mediate kind of particle with a mass about one hundred 
limes that of the electron. No one at the time paid much 
attention because the existing picture appeared reaso.nably 
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cuL-nnd-sii'v-d and, in the absence of experiment'i] evideiic-e, 
ic'.v conlcniporary physicists felt inclined to unscl it. In 
1937, however,,' Dr Carl Anderson of the California Inr/Hiutc 
■:-.f Teciinology produced clear-cut evidence for the e.;:!i;Lejico 
in cosmic radiation - radiation, that is, reaching the earth 
fro/ii outer space ~ of a positively charged particle with a 
mass estimated at 200 times that of the election. Tlic real 
existence of meson particles had therefore Lo be accepted, 
and an enormous amount of experimental worb lias since 
been done on the observation of cosmic radiali-on incsoiss. 
Again, iho tendency at lirsl was to be conservative. Measure- 
ments suggesting that mesons might have more than one 
mass were criticaily examined, and reasoiis vrere found for 
distrusting the evidence, and for sticking to the simpiest 
interpretation - namely that meson particles did exist, but 
that they could all be taken to be of tlie same mass. The 
pendulum has now swung for the second time in the 
opposite direction. At tlie University of BrLstol, Lattes, 
dcchialini and Powell have shown fairly conclusively that 
there must be at least two meson masses, one twice as great 
as the other. And at Manchester University, Rochester and 
Butler have produced evidence pointiiig to a third possibk; 
meson mass, heavier than the other two as indeed had 
‘been suggested by the French pliysicist LeprincG-Ringuci a 
year earlier. Finally, there is a third siiggeslion, oji rniicL 
less direct evidence, of a considerably lighter land of rncsoii, 
All this is clearly going to take time to sort out. A.n'j ih . 
purpose of the present note is merely to place it on record tlur. t 
pliysics is once again becoming more cornpiicalo'i ; and tli.'i: - 
not only do meson particles exist of mass in'icrrnediaic 
betwe«m that of the electron and proton, but also I hat it is 
practically certain that mesons e.xist of more limn c-fv..' 
possible ma.ss. 

Latter, Occhialini and Powell. Nature, 1947, 160, pp. 543 j'.nd 41:6. 

Anderson, Adams, Lioyd and Ross. Phyika! Revie-.v, 5D47, 77,72-1. 

Rodvestcr and Isulier. Nature, 1947, 160, 855. 

AuiiCr, Daudin, Fr^on and Maze, Comptes Rendu.-;, 194,?., 724, lO-'. 
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Operational researc/i. 
n*iich has been said and written about the possil=lc 
i..pp':cation of the methods of openhioiial research tn 
pronvole industrial production that a cone- etc example 
winch has lately been instanced may be tvorih repeab'ng. 
It is due to the Shirley Institute, the cotton industry’s co- 
operative research establisimient, and consisted isi tiie 
quarditative investigation of the reasons for varying ouUjui 
in different mills'. The method was to take cacli prcce,' ■ 
separately, collecting figures for the aifiouiils of cotlo 
processed, numbers of workers, hours worked, types c-f 
planl, equipment and so on. The figures shov/ed that ibr the 
same process and the same count of yarn, the niim ber of 
man hours required per pound might vaiy by as much as 
three to one. By studying some of the apparently best and 
some of the apparently worst mills for any particukr pro- 
cess, a good idea v/as then obtained, of the rcasoPsS for tl!e?c 
dilTercnces, practice in labour deployment, pack.age size, 
lay-out or vdiatever it might be. 

Up to a point, tliis could be described as ‘merely common 
sense’. But it was of the essence of the inquiry that Individ nai 
stages should be separately ret’icwed, and difiefcnces thus 
brought to light which, if overall efficiency had been made 
the yardsticic, might have largely balanced out, The results, 
in any case, suggested that by bringing the practices of all 
nuijs up to the level of the best individual rooms, increases 
in oulpiit raiiging possibly up to forty per cent might be 
c-htained, with the same labour force and machirierj-a 
T/hether this is called ‘science’ or ‘common sense applied 
s;/sl?matlcr,Uy and through figures’, the fact remains that it 
iveeded an investigation by trained scientists faniihar wiih 
t1 -.0 ■ uluslry to show how much could be done. Tills exanqf .• 
wc,5 quoted by Mr Herbert Morrison' who, as Lord Presides 
ific Council, is responsible for the De;r.ht;nciU o, 
S'.-ieritiric and Industrial Research. 

Sir Edward Appleton, as Secretary of tlvi Depailmer!, 
I'.as also given lately his own abbreviated dcfiniilon of opcT'.,-- 
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tional research. ‘It is the arithmetic,’ he said, ‘of “what 
happens when we do what”,’ adding that ‘recent studies 
have shown that in some cases industries can take immed- 
iate steps by which output could he increased by as mrich 
as 20 per cent’. Other industrial research organisations 
quoted as* having taken a prominent part in investigations 
of the same type were the Iron and Steel Research Associa- 
tion and the Refractories Research Association which deals 
with the manufacture of heat-resistant materials. For com- 
parison, it may be recalled that one of the more spectacular 
wartime successes of Operational Research - in doubling 
the effective anti-submarine patrol time of a Coastal 
Command Group - was achieved by no more abstruse 
methods than a rational and critical overhaul of mainten- 
ance procedures, based on statistics which were no more 
difficult of collection. , A.W.H, 

Nullarbor, Australia. 

A recent holiday expedition from Port Lincoln in Sbulh 
Australia across the Nullarbor plains to Perth by a party 
of Melbourne naturalists has whetted the appetites of 
Australian scientists for further expeditions into this scienti- 
fically interesting but little-known region. 

Travelling in a capacious tourist coach, the party followed 
the route of one of the grimmest and most courageous 
journeys in the history of Australian exploration, that made 
in 1841 by Edward John Eyre, the first to cross the 1,000 
miles of waterless desert country (plate 16) and reacli the 
west coast by land. Water tanks at intervals of about 100 
miles along the road through the desert to-day provide 
water, potable though mineralised, for travellers, but the 
tanks are not to be relied on in dry seasons. 

There is no accommodation for travellers - only a few 
scattered homesteads, each the centre of a million-acre 
sheep run, where courageous hard working and resourceful 
settlers carry on Australia’s pioneer traditions. With their 
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nearest neisiiboor some 70 miles away, tliese settlers mEst 
rely on the ‘Flying Doctor/ summoned by pedal wireless, 
ill cases of sickness. Their children .are pupils of the ‘School 
in the mail bos ’ Australia’s celebrated system of edvciuion 
by correspoiideiics for children who live in remote areas 
'diere there are no schools, 

■ih.::ieath. the surface of the Nuilarbor plains lies a Ian' 
:-lrelelrng ir.rJerworld of limestone caverns (plate 17), deer, 
lakes ana waterways. The 500 feel deep limcsione deposit is a 
survival from the miocene, vrhen the plain was part of tlie 
.bed of the sea. From these caves, the scientific party brought 
badr two rare carved stalactites composed of mineral gypsum 
instead of the usual calcite; these gypsum stalactites have 
never before becTi found in Australian caves, though they 
were previously described in the Mammoth Caves ,of 
Kentucky and a small cave in Southern Francs. (See 
plate 18). 

The holiday exploring party was organised and led by 
Mr Rasseii Griniwade, President of the Melbourne National 
Museum trustees and a leading Australian drag manu- 
facturer, It comprised a 'forester, a zoologist, an antliropolo- 
gist, an ornithologist, and seed-collector and a naturalist- 
iournalist, as well as the entomologist director of the Mel- 
bourne Museum and a botanist of the staff of the fdelbbarne 
Herbarium. Afl brought back many interesting speeirneos. 
aboriginal chopping axes (plate 19), parasitic plants, iii1etal.lic 
biae spiders which hunt metallic blue ants, and tlie striiBg? 
plant king/a which grows a foot in a century and ]i’veR for 
several thousand years, 

Whakmeat 

llic v/ipilc is not a fish. Like the cow, it brings forth its 
young as calves and nourishes them- on milk. Like the cow, 
It is a warm-blooded -animal, with the vestiges of four leg» 
inside its flippers. And like the cow we eat it, h blue wlirdc, 
100 feet lonV. provides about 12 tons of meat ~ the nuawb 
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or so, for a couple of hours at a stretch. This muscle is very 
fatty, and ruay contain anything from one to teii per cent 
of extractable oil. In the past it found a use, after the ex- 
traction of this oil, as a high-grade cattle food or a rich 
guano-type soil fertiliser; now the world food shortage lias 
brought it on to the human dinner-table as a very valuable 
protein food. The blue whale’s liver, which weighs about a 
ton, is also nutritionally important, for 3 per cent of it is 
oil rich in vitamin A. 

But whalemeat, in its living state, is interesting from quite 
another point of view. The performance of the animal is so 
striking, both in speed and endurance of swimming, and in 
sheer strength, that one naturally wonders whether its 
muscles can possibly be the same in structure and function 
as those of the human body. Surely they must be much 
more efficient machines than those in our arms and legs. 
Otherwise, how could a v/hale tow a small steamer forward 
at seven miles an hour when its engines are racing full 
astern? ' ’ ’ ■ , 

One way to compare the efficiency of machinCvS is* to 
compare the horsepower generated for a given weight of 
engine. Now human horsepower has already been v/orked 
out, and it seems that an athlete, like the dog, generates 
about a hundredth of a horsepower for each pound of 
muscle he has in his body. To get this result was relatively 
easy, because a man can be made to work away, for instance 
at pedalling a stationary bicycle, under laboratory conditions 
which permit of precise measurements. The whale is a more 
difficult case, and one or two assumptions have to be made, 
for instance that when towing the steamer it is doing as 
much work as would a submarine of the same shape and 
displacement. In other words, it is like a rigid steel body 
forging through the water, with a similar water skirl friction 
resisting its passage. It may be, however, that the whale, 
being flexible and not rigid, and oiled all over, has less 
water-resistance to overcome, and w^astes less energy in 

fir lir'i i/so vitia iHut fl-ia rttho.- 
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'nand, experiments towing anjesthetised fisli suggest that in 
fact they have much more friction, and not jess, to overcome 
than a vessel of the same size and shape - bat this may be 
due to their scaly rough surface. 

Anyway, the assumptions probably do not coinpleteiy 
spoii the calculation. They do not give the whale’s true 
horsepower, but they do show whether this horsepower i-:, 
a hundred limes greater (or smaller) than the human. They 
are accurate to that extent, and after all, that is wha: 
accuracy is - always a relative matter, not an absolute thing. 
According to the experts, the value for the whale comes out 
at about 9 horsepower per ton of muscle, which is a figure 
lower than that for man, after all (four thousandths against 
one hundredth). So the answer seems to be that wlialcmcat 
is just like human meat, mechanically speaking, and the 
whale’s fantastic power is the result only of its fantastic 
size. It has really no more kick to it than a cow. 

Folic acid again 

Since the report in an earlier issue of Science Neics of the 
discovery of this new water-soluble vitaniin which is present 
in the leaves of plants as well as in liver and in yeast, 
further results have appeared to modify the original con- 
elusions, and to justify a fi'esh account of the whole matter. 

As ill a great deal of modern vitamin research, workers 
got on the track of an unknowm when they attempted to 
keep young chicks on a completely synthetic diet; one, that 
is to say, which contained only known proteins, fats, carbo- 
In/draies and minerals, and all the pure known vilamiris. 
Something extra was needed in the food before the cliick-, 
wo'dd grow, something that prevented their getting ar.aemic, 
Expariinents about the same time with various kinds of 
bicterki on simple casein media containing only knout; 
coiisiituents, showed the same kind of result. Before the 
‘bugs' would grow a supplement had to be added. In the 
case of Lac, ^■■.'bacillus casei, this was obtained if oin liver and 

-- . . . Tt.-tl-i oiyntifnonf'/'uv ftrrnh< IT iri 
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spinach, in tlie early stages there was nothing to show ihct 
L. easel factor and ‘vitamin Bo’ (for chicks) were the sajr.c - 
in fact, the diaerent research groups thought they wc-w; ra'ic-r 
; difi'erent substances. It was only as they piu-ified t’le sub- 
■•stances they were chasing that they found themselves coming 
to a similar conclusion. The new vitamin could be separated 
from prolciii, adsorbed on a special charcoal and eluted 
again, and so on, until there was obtained a product 
a rather characteristic ‘colour’ (visible only in the ultra- 
:• violet, where only a camera can ‘see’ it). So gradually Ku'ce 
supposed vitamins turned oat to be forms of one. 

There was also, as it happened, a fourth approach. Since 
/{ 1931 Dr Lucy Wills has been interested in a special kind of 

j!| anasinia which comes on during pregnancy in India, and 
1 is curable w'ith liver, or extracts of yeast such as Marmite. 

It was found that a similar antemia could be produced in 
monkeys by feeding them the sort of food eaten by the 
poor in* the slums of Bombay, and this too was curable 
v/ith liver, which therefore contained a new food factor. 
Vitamin M (M for monkey). Gradually it became apparent 
[t ’ that there was little to choose betw^een vitamin M and 
■Tl . vitamin Be, and in all probability they are identical. , 

' The new vitamin occurs in at least three different, varia- 
tions, however, of which folic acid or pteroyi glutamic acid 
is the simplest. It is mads up of a molecule each of‘xant.b.op- 
dr terin (butterfly wing pigment), p-aminobsnzoic acid (a1 ready 
: ' known as a member of the vitamin B group), and glutamic 
. , acid (an important amino add, already mentioned in these 
. i; ■ pages), thus : 

■i''' N==C.OH ‘ cb;.chvcooh 

!'ur 1 { / \ f 

me C— NH—C— > CO— NH.CH . 

I I 

NH— CH COOH * 

(xanthopterin) (p-ammobenzoic) (gluiaraic acid) 

The asterisk marks the point in the formula where vari;i- 
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may be three, i.e„ two more attached at the asterisk; or 
e\’en seven, as though the mechanism which makes the 
vitamin in the ceh, had stuttered or stuck in the groove and 
geme oa repeating ‘glutamic acid glutamic acid These 
variations are not all physiologically iiitercliangeabie ; tlie 
forin vvith seven glutamic residues, for instance, is eifectiv:' 
in the diet for chicks, but useless in tlie bacterial test. There 
exists an enzyme in animal tissues which breaks down th- 
mofc complex forms to simple folic acid. 

li natural, in view of the eflect of folic acid deficienc) 
Oil the blood of chickens and monkeys, to try the eifect oi' 
it on various human blood diseases. In this way it was 
discovered accidentally that folic acid would ‘cure' per- 
nicious ansemia. That is to say the ansTnia would clear up 
and the blood remain normal as long as the correct dose of 
folic acid tablets was being taken. The quantity required 
was quite large - 5 or 10 milligrammes per day. At first it 
was thought that this would become the modern treatment, 
replacing the nuisance and expense of crude liver injections. 
But one aspect of the disease had been overlooked. 

Pernicious amemia itself is an illness in which there is a 
failure to' produce the red cells of the blood; only a few arc 
made, and they are abnormally large. Associated irregu- 
larly with this (the causal connection is obscure) there are 
nervous symptoms, grouped under the heading of subacute 
combined degeneration of the spinal cord. The nervous 
symptoms may be marked and the ansmia slight ; or the 
amemia alone may be present, followed only after some 
time by the nervous degeneration, w^hicli has nothing to do 
Vy'ith the severity of the anasmia. It was early found tlsai' 
folic acid, unlike liver, would not affect the nervous side 
of the jllness, but it took about two years of experience to 
show that people with aiijemia only, and tliis anremia. 
successfully treated with folic acid, miglit develop subacute 
combined degeneration nevertheless. In other words folic 
acid was dangerous, because it lulled doctor and patient 

f.n.'.nri+u Ti o jftif" HlnnH but tlOi 
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the iierves. and was only a half-cure. 'Tlie truly curative 
substance present in liver extracts is still (March, 1948) 
a mystery : it is not folic acid, -but it may be a eliemical 
relative,* 

in another illness, however, folic acid appears to be 
having a marked success. Tropical sprue is a disease with 
great diarrhoea, and an aneemia somewhat like the per- 
nicious type. In a matter of days from the start of treatment, 
folic acid often arrests the diarrhea, the health of the 
intestines improves, and the ansemia lessens. So far no fly 
in the ointment has been announced. 

* Very recently Dr E. Lester Smith of Glaxo Laboratories, Middlesex, 
has announced the isolation from liver of a red pigment which is 
powerful in treating pernicious anaemia, though it does not contain 
folic acid. Simultaneously, workers at Merck Laboratories, New York, 
have isolated a crystalline “vitamin which is also powerful in 
treatment. The relation between the discoveries of the British and 
American workers, and further news of them, will appear in a later 
issue of Science News. 


Minor Additions in Metals 
and Alloys 

DR F. A. FOX 

It is to-day becoming increasingly understood that our 
present level of engineering technology is in large part due 
to our skill in manipulating alloys. However, although it is 
well known that, where mechanical strength is needed, 
pure metals are too weak to do what modern engineering 
requires, it is not so widely understood that the amount of 
the critical alloying addition is often remarkably small. 
Most non-specialists have the haziest idea of how alloys 
are constituted, and tend to think of additions of tens per 
cent being necessary before metal B will have much effect 
on metal A. Some of the best-known and oldest alloys do 
contain large amounts of the added metal, as for example 
zinc in copper to make brass, and copper in gold to make 
the usual jewellery alloys. As, however, the science of 
metallurgy has developed it has become possible to do two 
things - ’first to begin to isolate the causes of differences 
in behaviour of apparently similar alloys, many of which 
sometimes refused, with a subtlety which seemed almost 
perversity, to do what was expected of them, and secondly, 
by inductive reasoning from observations of the first kind, 
to formulate fresh alloys which would have sonic new 
combination of desired properties. Two other activities, one 
old and one new, also go on in the metals research labora- 
tories of the country. The first is the much-practised pursuit 
of tritil-andrerror ; in the evolution of new alloys this method 
is widely used, is expensive but occasionally very rewarding; 
it is widely used because metal alloy problems are so coni- 
nlex. and because some of the fundamental guiding priii- 
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ciples are only just beginiiing to be disceriied. Tlie new 
tliing is the study of metal physics in which physicists and 
metallurgists and physical chemists luiderlake funda mciitai. 
researches into the behaviour of metals and alloys from the 
point of view of ‘pure knowledge’. 

Tiie studies in metal physics and also in the more era- 
pi flea! spheres of industrial research have intensified in the 
last ten years, and the natural result has been to throw up 
many new ideas and to lead to the revision of many ok' 
ones. As is also to be expected, our ignonince becomes 
correspondingly more obtrusive. 

One of the things that modern metallurgica! research has 
emphasised is the importance, often decisive, of the part 
played by minor additions, constituents and im purities in 
ruling the properties of metals and alloys. In this context 
‘minor addition’ means some element, phase or compound 
which is present to an amount less than 1 per cent of the 
whole; sometimes decisive iiuluences are exerted by an 
addition of impurity present in far smalier amounts, of the 
order for example of 0-002 per cent. 

The alloying additions which arc made to the metals of 
commerce’ and industry are usually themseh.’cs metallic, 
such as- chromium to nickel to make the elements for electric 
fires, or copper to aluminium to make duraiumin, Soinc 
important alloying additions are, however, non-metallic and 
some are even gaseous. A technically important example is 
that of steel itself,- in which the addition to the -metal kon 
of, say, half of one per cent of the non-metal carbon pro- 
duces an alloy enormously stronger and r-Ku-e versatile 
than the parent metal. Another non-metallic material 
present in steel has in recent years been found to have a 
profound effect on its heat-treatment behaviour and on its 
toughness and other properties, and that is alumijui. The 
ahimina occurs as a by-product of the deoxidation of the 
steel by ahmiinlum additions during Ihc stcehmaking pro- 
cess; the aluminium is itself oxidised, leaving behind min-ute 
amounts of alumina hlehlv disnersed thrnnsyh fhe-. ■imp-r 
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Tlic effective particles of alumina have not been positively 
ideritified even af the Iiighest magnifications under the 
jiiicroscope, yet they affect the beiiavioiif of the steel in 
vdiich they occur in a radical ^va 3 ^ I'he effect of gases on 
[iic behaviour Of rnctals and alloys is often comploA; 
gcncndly they are harmful, but the addition of oxygen to 
Cupper is an example in the reverse direction: the presence 
of O-0 10 per cent to 0-015 per cent oxygen in ordinary liigii 
caudiictivity copper (it occurs within the metal as copper 
cj.'fide), is necessary to ensure that, it will behave properK 
in riianufacturing processes. Another esatnplc is provided 
by the use of carbon monoxide to improve the hardness of 
iniid steel on the surface (‘case-hardening’); the gas reacts 
with the iron, and iron carbide, the hardening constituent, 
is formed in the outer layers of the part which is to be. 
hardened. 

From the scientific poind of view the interest is naturally 
focused on the picture which can be formed of the opera- 
tive changes occurring within the structure of the meta!. 

Structure ofrnetalUc crystak. 

It was long ago shown that metals are crystalline and 
tiiat the ordinary alloys of industry arc composed of a 
mass of crystals or ‘grains,’ which are clearly to be seen 
under the microscope if the piece is polished and suitably 
crehed. It is also W'ell known that the grains of a piece of 
iVietal, even though they do not advertise their crystalliiic 
syinrnetry by showing geometrically formed faces, have a 
bcautii'u.1 internal regularity which can be revealed by X-ray 
crystaliography or other means. Each crystal of a metal is 
built up by a symmetrical arrangement of atoms in space: 
lliese are packed together in the best way possible to 
iicconirn'odate the forces between tliem. The sLriiciurc re- 
peats iiidciifiitely in all directions, and is bounded only by 
tiie limits of the piece itself, or, more lisually. by ihe 
boiijidarics of the individual grain. The neighbouring grain 
luis, of course, the same structure, but it is dittercritly 
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oriented in space, and the grain boundary is a zone in. which 
the atomic arrangement’ is locally not perfectly regular since 
it is one of transition from one orientation to aiioiiier. 

The geometry of the crystal structure or ‘space lattice’ is 
characteristic for each metal, although three common types 



Fig, 25. — (a) Face-centred cubic structure: unit ceil, (h) Body- 
centred cubic structure: unit cell. (c) Close-packed hexagonal 
structure : unit cello 


of symmetry are recognised. Two of these are included in 
the cubic system, in which the unit of atomic ‘brickwork’ of 
which the structure is built is cubic in form. The two 
common types of cubic ‘ unit cell’ are the face-centred cube 
and the body-centred cube. In the former the unit cell is a 
cube, with an atom at each corner and one in the centre of 
each face; in the latter, a cube with one other atom right 
in the centre of the cube itself (at the intersection of 
diagonals joining opposite corners). The third common 
type of unit cell is that termed /close-packed hexagonal,’ in 
which the unit is a hexagonal prism, with an atom in tlie 
centre of each end hexagonal face, and three others in 
symmetrical positions on the central plane parallel to the 
end faces (Fig. 25). Most engineering materials conform to 
one of these three types of structure, but the actual dimen- 
sions of the unit cell are characteristic of the particiilnr 
metal (or alloy); minor deviations from these types also 
occur (for example some hexagonal metals are not close 
packed in structure, but are elongated or compressed 
axially from the geometrical ideal). 
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A great amount of research has been doiie in recent, years 
on the cletaii of metallic lattices and the forces which hold 
them together ; the dimensions are snialh of the order of 
ICr" to iO"® cm. and the lattice forces large. Tiie periodicity 
of properties showm in the table of the eieraeji-s was an eariy 
pointer that atoms could not properly be considered as 
min Lite billiard balls, and that structures within tlie aloni 
itself were critical. Metals are ciiaracteristically electro- 
positive. This fact involves the implication that their atoms 
may be readily separated from one or more of the electrons 
which these contain. From the study of the forces in the 
space lattices of metals, the general picture has fairly 
recently emerged that the lattice points are occupied not by 
atoms, but by positive ions, from which one or more 
electrons have been separated; the electrons are more or 
less free to move in the interstices of this structure, forming 
what may be described as an “electron gas” ; the electron 
gas or cloud is the decisive agency in holding the structure 
together, the ions themselves having a mutually repulsive 
effect. This picture is one for the most electropositive 
metals ; other types of lattice bonding apply for those which 
are less characteristically “metallic” - for example the 
structures of arsenic, antimony, bismuth, selenium and 
tellurium are bound together by forces which are more like 
chemical linkages. 

Mechanisms of alloying. 

When an alloying addition is made to a metallic element, 
the question at once arises - how can the atoms of the alloy- 
ing element be accommodated in the structure of the parent 
metal? Great numbers of investigations have been made over 
many years to follow the changes that occur when alloys are 
made ; years ago the microscope and the cooling curve were 
the principal research tools and a great body of knowledge 
was built up with their aid. More recently X-ray and other 
techniques of modern physics have been adding to the data 
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niechanlsms of the observed effects. For many combina- 
tions of metiils and over large ranges of tcmpcratare it has 
been found that the alloy structure scarcely differs from Unit 
of the parent metal, and that under the microscope only one 
t^/pe of crystal or grain is visible. Here the alloy is said to be 
a “soiid solution”, since the alloying addition must have 
saineliov/ gone into solution in the parent nietai. In other 
combinatlbiis of two metals, one may see under the micra- 
scope a laeel'ianica! mixture of two species of crystal dr 
grain: these substances are only very seldom the pure con- 
stituent metals, they are themselves usually solid solutions 
of Ihe two metals, offers being of the kind - solid solution of 
B in. A, mixed with solid solution of A in .B, These various 
species of grains are called “phases” and they are usuaih' 
assigned Greek letters to identify them ; for example if one 
talks of an alpha-beta brass, one means a copper-zinc alloy 
of such a composition (for example, 60 per cent copper, 40 
per cent zinc) which, it is found, has a structure consisting of 
the alpha phase together with the beta phase of that par- 
ticular system. Phases usualiy exist over a range of compo- 
sition; some may partake of the nature of interraetaliie 
compounds: if they do, then their range of composition is, 
as would be expected, very limited. 

■ If an alloying addition cnter.s into solid solution its atoms 
must find places for themselves within the framework of the 
lattice of the parent metal. There are two possibilities - that 
ihe atoms of the alloying element should occupy lattice sites 
of the parent metal, or that the atoms of the alloying elemen t 
siiould occupy spaces in the mtersticcs of the parent lallice. 
These two types are called ‘ substitutionaT and ‘ interstitiaP 
solutions. The former is by far the more common; inter- 
stitial solutions are geueraily formed only by small atoms 
wiiich can most readily be accommodated in the' snudl 
spaces avaiiabie. Carbon, nitrogen and hydrogen are t.l*e 
most common interstitial-solutioii forming slemcnts, and 
that technically most important substance, the solid solu- 
tion of carbon in iron, is interstitial : ihe carbon, wdiich wfien 
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L. ;l';cs so, coir-cs out of the solution as iron carhide. Le-CL 
!-,:p;:-sr;s williio the iron lattice, v/hen dissolved, a! points 
e;.!uidi,-.t-:uii fi’om tiiree neighbouring iron atoms. 

The enhct ol’ foreign atoms in the parent lattice is iiol urai'y 
to cause a greater or lesser distortion of its regiiiarity in tl:e 
ridgliboiirhood of each intnider. The distoitiori varies wiui 
the nature ^ of the added atoms, and with thdr nimibej’s; 
v.'h.en siiihcicnt foreign atoms have l5sen added to r-iaicc tivc 
solid solution just unstable, then a new phase is formed if 
fiiriher additions are made, and this phase is of such a 
structure that it can accommodate the inieratornic forces 
more ‘'economically ’ than t’ne one which has just bcjxnnc im- 
.'itabie. The point at which a new phase appears is called a 
solubility limit; one may say for example that at, room 
temperature aluminium can hold up to 0'2 per cent of 
copper in solution, and that above this solubility limit a new 
pijase a]>pears if more copper is added. 

Important though the effects of added elements v/Mch go 
into solid solution may be, the influence of the pre&;nce of 
separate pliases is equally great. Separate phases crifi occur 
in a variety of forms ranging from needle-like to globular 
simpers ; they may occur vrithin the grains of the parent metal, 
or in the grain boundary, they may be in massive or in film- 
like forms, and their mechanical state of aggregation may 
have an influence as great as or greater than their 'mhere'ni' 
effect associated with composition. In no field of metallic 
structures is this better exemplified than in ‘age-hardening' 
ill which the whole beneficial eiffect of an alloying addition is 
couiingent upon its being present in the appropriate foi'-sn. 

Ags-hardenhig. 

Agc-hardcning is the name given to the spontaneous liar J- 
viring of an alloy on standing after heat-treatment : tlic iuetal 
liar Jens with the passage of time, Mke its makers’ aricr.’-: 
This Oifcct, so weil-knowm in the duralumin type of alloy, ii 
rasicaiiy due to the fact that in the alloys showing it there is 
a solid soliibilitv limit vAfich incrofl«!P.s na ths tivsin-'-r 
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is raised. At 548'" C for example, metal A may be able to take 
5-7 per cent of metal B into solid solution; but at room 
temperature it may hold only 0-2 per cent in solution, and 
above this limit some separate phase - say the phase - tends 
to come out of solution. Suppose now an alloy of 5-7 per 
cent B in A is heated to 548° C and held at that temperature 
for long enough for all the /:! phase to dissolve and to pro- 
duce a homogeneous solid solution; if the alloy is then 
quenched in water, the piece may cool so rapidly that there 
is no time for the /i phase to come out of solution as it 
would otherwise do. The condition is then that of an alloy 
containing 5.7 per cent, and not 0.2 per cent, of B in solution 
at room temperature ; the extra 5.5 per cent of B is said to be 
held in ‘forced’ solid solution. As a result, the alloy is un- 
stable and spontaneous changes begin to take place in the 
direction of precipitation ; these changes cannot occur very 
readily, since at room temperatures what may be called 
atomic mobility is not great, and not only is the time-scale 
of precipitation slowed down, but the slate of aggregation of 
the embryonic precipitate is diffei*ent from that associated 
with stability. 

There has been much research, which is still continuing, 
on the nature of the incipient and rudimentary precipitates 
which form under these conditions in different alloy 
systems; for example in the aluminium-copper system, for 
which the above figures apply (this is the basis of the 
duralumin type of alloy) the changes taking place arc com- 
plex and arc on a scale well beyond the ordinary light 
microscope to resolve, although the normal precipitate in 
the un-heat-treated cast alloy is readily visible under tlie 
microscope. The effect of the elementary type of precipita- 
tion occurring under age-hardening conditions is observed 
in many alloying systems; it is to cause a disllnct and 
sometimes a technically decisive, hardening and strengthen- 
ing of the alloy, and electrical and other physical properties 
are also affected. These changes are wholly due to the special 
state of aggregation of the alloying addition ; the alloy beibre 
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the solution a.iid ageing treatment is of the same chemical 
composition, but the second phase, when in massive form 
(massive at least on a microscopic scale) has a relatively 
small strengthening effect on the structure. The highly dis- 
persed incipient precipitate exercises its great hardening 
effect by some mechanism of distortion of the parent, lattice, 
\vi\ic,h makes the metal more resistant to deformation (that, 
is, harder) by making less easy that slipping movement oii 
atomic planes by which a metal deforms under load. The 
details of the lattice distortion mechanisms vary from alloy 
to alloy according to the nature of the component metals. 

Effects oj minor additions. 

T'he technical interest of minor additions to metals and 
alloys lies in four main fields ; first, the addition may have 
some peculiarity which makes it so potent, that aithougli 
minor in quantity it constitutes the main alloying elfect of 
the system ; second, it may be added to neutralise the liarrn- 
ful effect of some impurity which it is not practicable or 
economic to eliminate; third, it may be added to counteract 
soiiie undesirable behaviour of an otherwise useful alloying 
addition already present, or finally, it may be added to modify 
some specific physical or chemical property of the metal to 
a maximum (or a minimum) extent. These effects the minor 
addition must achieve by going into solid solution in phases 
already present, or by causing a separate phase to appear. 

Light alloy examples. 

A good example in the first field is provided by the recently 
ii-ivcstigated alloys of magnesium and zirconium, some of 
which are now being developed for industrial application. 
Furq magnesium is not used for engineering purposes, since, 
•unalloyed, it is too weak. One of the reasons for this vveak- 
ness appears to be connected with the fact that it solidifies 
whh a large grain size; it is not only a general fact of obser- 
vation that melals and alloys tend to be weak if their grain 
is coarse. but it is found that niognesiiim alloys as 
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■i class are especially badly affected if their strnctares i-ro 
coarsened by any means. Research during the last few years 
I'uos shown ihat zirconium lias a large grain-rcfining inih:r :’,ce 
uii the structure of cast metal and if about 0’7 per cent of ilia 
alloying addition is present in an effective state, tlie gi-ai-i 
size is reduced by a factor of lea or more. This is illustrated 
by plates 21 and 22 ; plate 21 shows the grain structure of pure 
cast iiiagncsiimi as seen -under the microscope a.t a magnifica- 
tion of 50 ; plate 22 shows the grain structure of a cast 'tRat:- 
nesiurn alloy containing 0.7 per cent of zirconium, at a 
similar inagnificaiion. The latler has mcciiani'cal properties 
which are very much improved, and its ability to dciorni 
■before brealdiig is at least doubled. It is probable that the 
alloy ov/es its improved properties to some ‘inherent’ effect 
■of the zirconium in solid solution as well as to the more 
mechanical effect of the reduction in the size of the grains. 
Not more than about 0.75 per cent will go into, solid solation 
in magnesium ; this is remarkable since from many points of 
view theory -would suggest -that a wide composition range- 
should exist for the solid solution. It almost seems as if the 
zirconium, although not dissolving to such an extent as 
might be expected, crammed ^all its probable effect into the 
restricted solution range of about 0.75 per cent. A similar 
amount of zirconium enters into solid solution in alloys of 
jimgnCvsiiim containing 2 per cent to 6 per cent zinc, and also 
has a striking effect in refining the -grain, streiigtheuiag the 
alloys and making them much more capable of being de- 
formed before breaking; the latter is important technically 
as it means that -forms such as sheet and forgings .can n>ucii 
more readily be made from the ingot. Itjs -useful cffec.ts in- 
crease more or dess uniformly .up to the .solubility limit of 
ziTGoniiim in the parent material ; further additions give no 
increased -benefit, and in fact they are probably hariiiful, as 
the extra alloying element .-causes a massive iiev/ -phase to 
appear which is likely to 'havc^a bad effect on the corrcs-ioi). 
behaviour by favouring -the ci^eation of .local gpdvanic cells 
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The alloys of alureiaium -liave been the subject r-r iaicn- 
sivc research for very many years, and strong grain renne- 
nienl has been obssn'cd to follow from minor adihior.s of 
titanium, columbiura and boron; but in tiiis iicja tlie mbior 
accition which might be classed as having ihe .ciTecs of a 
major olloying element is sodium, when added h:» liie 
asuiTiinium-siiicon alloys. The normal alloy coLlaJnlnj II 
rer cent to 13 per cent silicon is distinctly weak a:ri brittle 
roadcr impact if it is cast in-a sand mould to make li pi see of 
any size. If however, 0’05 per cent of sodiiun is adfied to the 
molten alloy just before pouring, the metallographic rstruc- 
ture is greatly refined and tlic mechanical properties of the. 
casting are so much improved that the treated (or ‘ medifiedb 
alloy may safely be used for engineering parts such as crank- 
cases and cylinder blocks. Some of the sodium is lost in the 
addition, and only about 0-015 per cent appears in the 
finished casting. There are many interesting points about 
‘modification’, chief among w^hich is the fact that the alloy 
4hows a tnodified structure even in the absence of sodium if , 
it is quickly cooled ; in other words, a thin sectioned piece 
cast jnto -a .metal mould would .not require the addition of 
sodium to produce a modified rnicro-structure and good 
mechanical properties. The sodium, therefore, appears w be 
acting in some way like a super-cooling agent ; it also delays 
the crystallisation of the silicon, since it is found that modi- 
tied alloys solidify at lower temperatures than do tiie normal 
ones. If an alloy supercools fit is usually for the same reason, 
that the super-saturated hypo solution in the sc.hooiboy 
experiment remains liquid - because of absence of inocu- 
lants. in the solidification of metals only specific inoculants 
are effective and-it is probable that sodium lias its romarkable 
cB'ect.by forming an ‘.insulating’ coating on minots particles 
of impurities which, in .the unmodified alloy, can. act as 
inoctilants and cause earlier apd coarser solidification. 

Counteraciant additions. 

An p.vnmnlr'. cP fftsenrchcfi in the second field is orovided 
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by the harmful effect of small amounts of bismuth as an 
iiiipurity in copper. If copper contains more than about 
0.005 per cent of bismuth its ability to be hot-roiled falls 
very seriously, and as hot rolling is the standard way of 
making copper sheet, this influence is economically most 
undesirable. Copper refined by an electrolytic process con- 
tains negligible quantities of bismuth, but it is always 
present in copper which has not been treated in this way, 
and no other satisfactory way of removing small quantl lie;-; 
of bismuth is available. The amount of bismuth entering 
solid solution in copper is less than 0 002 per cent ; any 
bismuth occurring above this limit in pure copper does so as 
metallic bismuth itself. Its strikingly harmful eflect is 
exerted because its presence gives rise to small quantities of 
liquid metal when the copper is heated for hot-rolliiig ; the 
liquid spoils the continuity of the metal and causes cracking ; 
it also adversely affects cold-rolling because the bismuth, 
wliich is weak, tends to take up film-like forms between the 
crystals of copper, destroying their cohesion. If the copper 
contains oxygen, as it often does, then the bismuth occurs as 
tlie less harmful oxide, Bi^Og ; above 800° C, however, metal- 
lic bismuth is formed. The approach to the problem has had 
to be along the lines of finding some addition agent which 
will neutralise the harmful effect of the bismuth, by com- 
bining with it to convert it into some relatively harmless 
form or compound. . 

Australian research showed that one agent which could be 
used to eliminate, at least at room temperature, the brittle- 
ness of bismuth-contaminated copper, was phosphorus. The 
use of ibis element is an easy matter for the copper refineries, 
since copper is often deoxidised with phosphorus, and all 
that is required is to ensure that there is enough phosphorus 
left in the metal to neutralise the bismuth; it seemed prob- 
able that tile phosphorus worked without combining witl- 
the bismuth, but by causing it to assume a globular, non- 
fiim-Iike form, perhaps by some surface-! ension mechanism. 
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phosphorus required (Od per cent to neutralise 0 011 per 
cent of bismuth) would itself interfere with the hot-workSng 
behaviour. Another line of research has been pursued in this 
country and a solution has been forthcoming which is 
ehsetive for high as well as room temperatures.*The attack 
was to test the effect of alloying additions which form stable 
compounds with bismuth; among these was lithium, which 
forms the compound BiLi 3 with a melting point of lUS^* C. 

It was found that an addition of 0-036 per cent lithium 
entirely eliminated the harmful effects of bismuth up to 
0-0 i per cent. The formation of the high melting-point com- 
pound would naturally lead to the elimination of the liquid 
phase so harmful to the cohesion at high temperatures, Tire 
addition of lithium is also effective in preventing the bismuth 
embrittlement of copper-tin and copper-zinc alloys. 

Another example of the ‘ set a thief to catch a {kief' tecJi- 
nique occurred in zinc alloy research work. Some years back 
a serious trouble with zinc alloy die-castings v/as that they 
were found to weaken spontaneously with time; they 
became brittle, and even sometimes disintegrated after a 
few months service. It was found that the trouble was due to 
the presence of minute amounts of tin, lead and cadmium in 
the alloy, vvhicli caused it to become susceptible at the grain 
boundaries to the effects of moisture and slight heat, and 
thus prone to atmospheric corrosion spreading along them, 
which caused weakening and disruption of the metal The 
anioimt of tin which could have this im\Yclcome effect was 
particularly small - of the order of 0-002 per cent. As lead 
and cadmium were present in the crude metal, the problem 
of dealing with them was in the last resort a matter for 
experts in extraction of the zinc; in the meantime a tem- 
porary solution was found, however, by the addition of 
niagiiesium to the casting alloys. It was found that about 
0.; per cent of magnesium would make the alloys fairly 
r,tabie to tropical atmospheric conditions provided the coi'i- 
cu'uratioii of lead, tin and cadmium were not too higl; 
nor cent for cadmium and tin. and 0.010 ner cent for 
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]t.ad). At the same time the general corrosion resistrnee '--r 
ihe zinc alloys for casting was raised by eliminr.ting the i\-v 
cent copper vdiich they used to'carry, and thus matdrg Ihorn 
mainly a zinc-aluminium alloy. The exact mechauism of. the 
improve-ment caused by the magnesium addition is net C 'eau 
but it is probable that it operated by the formation of harm- 
less magnesium-containing compounds in which were 
‘mopped up’ the dangerous impurities. The whole problem 
has now passed into limbo by the development of a new 
process for the extraction of zinc, which gives nicial of 
higher purity than 99.99 per cent; a.ithoiigh tlio woodpile 
should no longer contain the niggers, 0.03 per cent, of mag- 
nesium is still added to the alloys in case of accidenral 
contamination. 

Preventing '"weld decay'. 

Although it is possible to- make a stainless steel without 
chromium there are many excellent reasons why our stan- 
dard-stainless steels should contain that element, and one of 
the best-known compositions for stainless steel is IS per 
cent chromium, 8 per cent nickel, together with a small 
amount of carbon - say OT per cent. In steel of this com- 
position the chromium confers the bulk of the ‘siainless- 
Rcss’, and if anything happened to withdraw the chromium, 
even locally, the steel would not be able to resist corrosion 
in the way expected of it. It turns out that this very tiling car; 
occur under some conditions. The structure of stainless steel 
is such that under most conditions the carbon presoiu 
remains in solid solution; if however, the steel is healed in 
the range of 550° C - 750® C most of the carbon will come 
out of solution in the form of free carbide which appears at 
the grain boundaries. The carbide which forms in this steel 
is mainly chromium carbide (Cr^C),. although sonic iron and 
nickel carbides also form, and every 0*1 percent of carbon m 
it is combined with 1 5 to 1 8 times that amoimt of chromiiuTi ^ 
When the steel is heated in the critical temperature range rhe 
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a I’d comes from the interior of the crystals to reach the grain 
hou:idaries, at which precipitation occurs: the chrorniam 
aion% at these temperatures, diffuses to the h-endeztous’ hr 
:rOi-c slowly, and consequently the chromium maldiig up the 
precipitate is drawn mainly from the outer porlions of llie 
crystals, near the grain boundaries. Since these outer layers 
must contribute enough chromium to supply 15 to IS tin:.'; 
liiC '.mioiint of carbon coming from the whole of the bisllr of 
the ci-ystais, they suffer a severe loss of chromium, and. as :i 
resuit the corrosion resistance of the metal is locally des- 
troyed. Stainless steel which is in this condition, if subiected 
to corrosive conditions, suffers rapid attack at the grain, 
boundaries, and in time may disintegrate. This effect was 
originally noticed in stainless steels which had been welded, 
and it was termed ‘weld decay’ in the shops, ‘mtergraimbf 
corrosion’ in the laboratories. 

This bad effect of an otherwise useful alloying element 
could be countered by three methods: by reducing the 
carbon content so that precipitation does not occur, by 
ijitroducing some other element which has a greater affinity 
for carbon than has chromium, or by suitable heat-treat- 
msiiis. The first is not practicable from a manufactming 
viev/point, and the last is often not economic or convenient;, 
especially for welded pieces. The search, for the antidote 
element was, however, successful, and three answers were 
fecund. The most commonly used alloying addition to 
prc-vc-nt intergranular corrosion of stainless steel is titanium, 
which has the required high affinity for carbon and forms a 
carbide TiC. It is found that if 0.5 per cent of titaniimi is 
present, essentially all the carbon which precipitates does so 
as TiC, and the chromium is left behind in solid solution to 
protect the steel against corrosive attack, which thus 
becomes immune from weld decay. In welding, however, liie 
prcKcnce of titanium in the welding rod does not necessarily 
proJace weld metal which is imimine from iiiM-rgranujar 
corrosion, since a large part of the titanium may be oxidised 
during tlie weldlne. and the loss will be critical if se-vera! 
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crossing or overlapping welds have to be made. In these 
circumstances the alternative solutions may provide better 
results - 0,75 per cent of columbium or 2 per cent silicon - 
since these elements do not suffer such loss in the welding 
operation, and consequently can more readily ensure that 
the chromium is kept in its proper "defensive’ place in solid 
solution. 

Restriction of grain growth. 

Examples of the use of minor additions to modify specific; 
physical or chemical properties of metals and alloys are 
numerous. Interesting illustrations lie in a field allieti to 
that of grain refinement touched upon earlier ; this is the res- 
triction of grain growth. It is a general rule that metals which 
have been mechanically worked (rolled, forged, etc.) may 
tend to undergo grain growth when they are heated, i.e., 
certain grains grow by swallowing their neighbours. It often 
turns out that severe grain growth is undesirable since it is 
accompanied by loss of strength and hardness. If it is an 
unavoidable part of some operation that a metal or alloy 
has to be submitted to a high temperature, then it becomes 
desirable to try to restrict the resultant grain growth in 
some way, to avoid its weakening effects. A familiar example 
of metal exposed to very high temperature is that of the 
tungsten filament wire in ordinary electric lamps which 
runs- at temperatures well over 2,000°C. If tungsten wilhout 
any additions is used for filament wire, the grains become 
enormous as the lamp’s life continues; as a result the mclai 
becomes brittle and the grain growth causes distortion or 
sagging under the filament’s own weight. An addition is 
therefore made to the tungsten during the maniifactui'c of 
the wire, of an agent capable of obstructing the growth of 
the grains; 0-75 per cent thorium oxide (thoria) is very 
effective in this way, being insoluble in the tungsten, tind 
when finely distributed throughout the structure tlie par- 
ticles present, a durable mechanical obstruction to grain 
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permits the production of filament wire' with a much in- 
creased service life. 

Before a worked metal undergoes grain growth \A\ci\ it 
is heated, it usually recrystallises - that is, among the 
crystals which were distorted by the working process, appear 
tiny new ones, which are not distorted ; these begin to grow 
as the temperature is raised further, and they fuially 
obliterate the old structure. The metal is then said to be 
‘completely recrystallisedb Most metals are much strcngtli™ 
cned by being worked, and recrystallisatioii causes tlie 
increased strength to be lost with the obliteration of the 
old crystals. Pure copper is rather weak, but is valuable 
for its high electrical and heat conductivity ; for some uses 
in which strength is needed as well as good conductivity, 
it is used in the worked state, such for example as hard 
cold-rolled sheet ; suppose, however, that this copper has 
to be soldered; the heat of the soldering operation will 
perhaps be enough to cause recrystallisation and loss of 
the desired extra strength put in by the working. Here the 
problem is to find an alloying addition which will raise the 
recrystalHsation temperature, thereby avoiding the softening, 
but which will not interfere w'ith the good conductivity of 
the metal. Copper is most sensitive to rainiite traces of 
impurities, many of wliich cause a great drop in con- 
ductivity; the selection of permissible alloying additions is, 
therefore, very restricted. The answer to the problem is pro- 
vided by the addition of about 0.1 per cent of silver. This 
elemeiit itself has a very high electrical and thermal coii- 
ductivity, and has a negligible adverse elfect on iliese 
properties in copper; it also has no bad effect on the 
strengtii of the w'orked copper, but ‘postpones’ to frn.wh 
higher temperatures the softening effects of lien ling ^'T-r 
operations like soldering. This small addition of siK'cr tlia.s 
permits the use of copper when strength and high con- 
ductivity are required, and when a high temperature is to 
be met during manufacture. 

This short and rather simplified review will perhaps help 
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t-j brjr.g hcrne to non-specialists the idea that the nietu.l 
labormor-‘e^ are to-day very much concerned with ‘iiiiiior- 
ad J i t i o n-nKiid urgy’ . 

" ii'.'s fcid niay /ind it ht-lpfu! to read first tk^ ;-ut!c’. 
Metals b’*' Sir Laurence Bragg, which appeared in Science News 1. 
■-rEd.] '■ . 



GLOSSARY 


Biaxu 1=1 (Vrc: This is calculated a.i 

the number of babies born du ring one yjar ;C iOCO- 
the number of iiidividuais alive, iialf-vay th'-oiigh 
Thus, if the year is from January Isr to December 31st the ton'*; 
number of people ol’ all ages alive on June 30t.h. is trie iigui’e 
retiuired for the dcnomiitator (see also urder iKamn). 

Casejx : The chief protein present in milk. 

CoEf riciENT OF EXPANSION ; DiiTercnt materials expand and con- 
u-act to difi’ering extents on heating and cooling. These difiereiices 
between substances can be described quantitatively by comparing 
the actual expansions of unii lengths {1 cm) of each material when 
the temperature is raised by rC. The numbers so obtained are 
called coefficients. 

Death Rate : The crude death rate for a population is 

the number of deaths registered in the year XJOOO 
the total number of people alive, half-way through : ' 
Here the word ‘population’ denotes a group living within dehnite 
geographical boundaries. Consequently, to get the correct number 
of deaths, allowance must be made for residents who die while 
av.'ay from home, and the deaths of visitors from abroad must be 
discounted. 

Specific death rates in general are calculated in the same way, but 
refer only to one group of the population, e.g., teen-agers, buh- 
conductors, women, comparing the number of their deatiis with: 
the number of them all alive. 

Fr.RiTLiTY '. An estimate of the extent, to which people can and do 
multiply. Thus the Birth Rate (see above) is an attempt to measLire 
it, but one liable to mislead since no account i.‘> taken of the 
number of women in the population of the right age to ha-ve 
ciiildren. 

Therefore the Fertility Rate is sometimes calculated : 

number of legi timate biahs i OQQ 

number of married women between 15-^15 years old 
in which case an illegitimate birth rate must also be separately 
calculated on the same lines, to get a true final picture. 

Ln F. Tables ; How long can you expect to live? Quite a num.ber of 
people besides yourself are interested in this question, jnsurance 
companies for instance, and Government planners tAing to 
arnurge the future. If you are already ninety when vou read ihh 
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you know that the time is not long - much shorter t!um I: you aie 
cnly ten. A life table shows the probable expectntson of lire of' a 
nerson at any age, calculated continually from the obsx-r\cd ages 
at which people die. Owing to the progress of public hcciltii 
n'casures and of medicine and surgery, and perhaps for ohher 
'inknovvn causes, the ages at which most people die conlinusdly 
alter (people on the average live longer now than they used to a. 
iiundred years ago), so that the life table must be always biosigiit 
•up toViate. 

Magnetic Susceptibility: A coefficient which indicates tanv 
easy it is to magnetise a given substance. Evei-y scliooiboy knows 
that iron is easily made into a magnet (i.e., has a high suscepti- 
bility). Whereas aluminium, for instance, cannot be so treated, 
and therefore has a very low value. 


About Our Contributors 

A. E. Bell, Head of the Science Department, Clifton Coilege, i:; a 
chemist who has become equally interested in the history of Scior.cv. 
Mis book on Christian Huygens appeared earlier in the year, and liir. 
chief interest is in the educational problem arising through the rsued 
for scientists of wide culture in modern civilisation, 

/. W. Cornwall was bom in India in 1909. He is a graduate of Cam- 
bridge and holds the Academic Diploma in Prehistoric Archcsology 
of the University of London, where he occupies the post of Secretary 
at the Institute of Archaeology. His chief interests are in human 
evolution, the skeletal remains of early men and sub-men, and the 
study of their environment and equipment as shown by Geolosy. 
Palteontology and Archeology. 

J. L, Crammer has been editor of Science News from the 
first issue, originally under a pseudonym. He has had experience 
of Service life and of journalism, is a Science graduate of Cambridge, 
where he has done research, is medically qualified, and has practised 
medicine. He is now twenty-seven. 

Frank Dickinson is a contact lens practitioner who has written several 
technical and general articles on the work which he has been doing for 
the past ten years. I-Ie has lectured extensively abroad and at training 
centres and technical colleges, here, and is a member of the Council 
of the Contact Lens Society. 

Francis Fox graduated in Metallurgy at Birmingham, and. took his 
first job on a gold mine in West Africa. He has been engaged in metal- 
lurgical research ever since he returned to this country, and is best 
kiiown for his publications on magnesium alloys, for which he was 
awarded his D.Sc. He is at present Deputy Director of the British 
Welding Research Association. 

A. W. Haslett is a Cambridge graduate, who has made scierxtihe 
journalism his career. He is Editor of Science Today, and for some 
months past has been a regular speaker in the B.B.C. Forces Educa- 
tional Programme. 

Robert' Rene Kuezynski, who died at the end of last year, i\as one of 
the greatest demographers of our time. The University of London 
appointed him in 1939 to the first Readership in Demography 
established in this country, and in 1944 he was appointed demographic 
adviser to thie- Colonial Office. His publications include Balance of 
Births and Deaths (1928 and 1931), Fertility and Reproduaion { '\932), 
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.ipct The Meusuremeiit of Population Growth (1935)* One c-f his ‘ pedal 
eonlributions towards the correct interpretation of popirialion fiyuies 
uns his exposition of a statistical device for estimating whether a given 
population is tending to increase, decline or remain stationary, by 
means of fwo simple indices, the gross and net reproduction rai(‘3. 
Sn'phen LcstivJiqe is the pseudonym of a young pliysician v./!so has 
been trained in both Neurology and Psychiatry. 'Me is interv.'acd 
primarily in the usteraction of mind and body, and is now engage;.! 
is'i whoie-ii.mc research. 

A'. L. Loewenstein is a young chemist at present workiny svitli a glass 
nta n u fact u ring hrm. Apart firom chemistry, Isis partlcislar iniere.-ds are 
music and economics. 

Maurice Oudot is the Head of a department of llte ‘■Quitize-Vingis’ 
Hospital, a famous eye Clinic in Paris. 

Ernest Tiliotson was eclucatccl at Leeds University, where he acquired 
an interest in probing into the earth deeper and deeper, tirst with a 
hammer and then assisted by the apparatus used by physicists. He is 
honorary secretary of the British Association Seismologicul Committee, 
a member of the American Geophysical Union, and scismologicai 
correspondent to iVls/wre. Ke is married and has one son. 
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GENETICS 

BY H. KALMUS 

Tfiough 'genetics is the youngest of the biological scier.ccs, > 
is exciting mors attention among both scientists and iayfolk 
at the present time than any other branch of bioiogic.t! 
.inquiry: . ■ . ' 

it has grown so fast, and in so spectacular a manner, that 
the majority of scientists, and even of biologists, cannot keep 
abreast of it; in consequence it has won an undeserved 
reputation for being difficult to understand. How undessr'v’cd, 
wlii be apparent to every reader of this book; for Dr Kalraus 
and his collaborator, Miss L. Crump, in comparatively small 
space, here set out in simple language the main principles of 
the science so clearly and concisely that every reader, however 
previously ignorant of its axioms and achievements, will be 
able to follow, 

. Part of the supposed difficulty, perhaps, resides in the 
special terminology which genetics has created to meet its 
special needs. But no one need be deterred from making a 
closer acquaintance with genetical principles on this account ; 
the authors give the fullest explanations of the- special termirm- 
ology, and clones, alleles, polyploids will hold no mysteries 
for the readers of their pages. 

What factors of biological make-up are inherited, in plants, 
animals, and nian ; how they are inherited ; hov: mutations 
and. variations arise and are transmitted; the importance of 
genetical knowledge to the gardener, farmer, stock-breeder, 
and human parent ; all these matters are discussed and ex- 
plained,, and the text is elucidated by a number of simple 
diagrams. ,, 

A PELICAN BOOK - A!7tJ 
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